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An Experimental Probe Microphone for the 


Measurement of Sound Pressures 


U.D.C. 534.612: 621.395.61 


R. B. ARCHBOLD, 8.sc.(Eng.) ¢ 


For many tests associated with telephone transmitters and receivers it is essential to know the sound pressure existing at a specified point. 
In this article the characteristics required by a microphone to make it suitable for such sound pressure measurements are given, together 
with a description of the development of a probe microphone to meet these requirements. Some examples are included of the applications 
of a probe microphone to the testing of telephone transmitters and receivers, and a brief reference is made to the extent to which certain 
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features of the design may be applied to other microphones. 
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a microphone element, e.g. moving coil, condenser or crystal 
unit, the diaphragm of which is not used directly in the 
sound field, but is coupled to it by means of a pipe or tube. 
Fig. 1 shows, for example, the a probe 
microphone with a moving-coil element, an early laboratory 
model on which the design to be discussed was based. To the 
acoustical engineer the probe microphone is virtually a 
sound pressure gauge and is often used for sound pressure 
measurements. Its sensitivity (S) is usually expressed in 
millivolts/dyne/sq. cm. and given as a function of frequency, 
so that, if thee.m.f. (E mV) generated by the microphone when 
it is placed in a pure tone sound field is measured, the 

r.m.s. value) may be 


cross-section ol 


sound pressure (P) in dynes/sq. cm 
simply calculated, 1.e. P = E/S 

The fact that the probe microphone is used to measure 
sound pressures at a point places two main limitations on 
its design 

1) It must not seriously disturb the sound field into 

which it is placed, by virtue of its size, i.e. the obstacle 

effect, already mentioned, must be negligible 
2) It must have a high acoustical impedance compared 

with the acoustical circuit across which it is to measure 
The reason for the second consideration is evident from 
in electrical analogy in which the sound pressure measure- 
ment may be likened to an electrical voltage measurement 
The voltmeter has to be of relatively high electrical im- 
pedance to avoid shunting effects and similarly the probe 
microphone has to be of high acoustical impedance to avoid 
hunting the acoustical circuit. Both limitations can, 
perhaps, best be demonstrated by considering the simple 
principles used in certain of the production or pre-installation 


tests ol telephones 


i pplication to Acceptance Tests 

Fig. 2 (a) shows the principle underlying one form of test 
used for carbon transmitters. A pure tone of variable fre 
i1ency is fed to a small loudspeaker (or artificial voice), the 
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supply 
soun | pressure 
the loudsyx aker is approximately constant over the re quire 1 
frequency range, The magnitude of the voltage required to 
the loudspeaker to give this constant pressure 
initially determined by measuring the sound pressure with a 
probe microphone, using the relationship expressed in. the 
previou Ihe transmitter under test is placed with 
its diaphragm, or some other datum, in the specified 
ind the open circuit e.m.f. generated (say £,) is then 
measured as a function of frequency, Then at any frequet 
the sensitivity of the transmitter may be expressed 
S) E,/P,, where P, is the constant sound pressure 
Owing to the diffraction of the sound field by an obstacle 
a change of sound pressure will take place if a large micro 
phone used for the pressure measurement,’ and it is for 
this reason that the first limitation of size 1s imposed on the 
}? bee rie 
fo show the reason for the second limitation, a method o 
testing 
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telephone receivers may be considered. Fig. 2 
s the test 
ear? which is simply a combination of acoustical elemer 
designed to present to the receiver an acoustical impedan 


similar to that of the real ear over a specified audio fre 


The receiver is loaded with an artifi 


ency range.” It consists of a cavity of approximately 
‘ lume with two tubes of #& in. internal diameter 
leading The tubes have wool pulled into the ends 
remote from the cavity and graded in length so that sounds 
produced in the cavity are not reflected from the distant 
ends. The tip of a probe microphone is inserted into the 
base of the cavity. A measured sinusoidal voltage (F,) is 
supplied to the telephone receiver and the corresponding 
sound pressure (/?,) which is set up in the cavity is measured 
with the probe microphone. Then the sensitivity of the 
P,/E, dynes/sq.cm./volt, which again is 
measured at several frequencies 


from it 


receiver will be, Sy 
Without entering into any precise definition of acoustical 
impedance, the approximate calculated magnitudes of the 
impedances involved may now be considered, again using 
analogy The 3-ce 
capacitive wtance of the order of SO acoustical ohms at 
1 CM ibout SOO acoustical ohms at 100 c/s. The two 
peal illel with the cavity broadly correspond to a 
stance of about 120 acoustical ohms. The magr 


cavity corresponds to a 


tubes in 
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voltage being electrically controlled so that the 


into the probe microphone must be high compared with this 
value for satisfactory pressure measurements down to 
100 c/s. A probe of even 4 in. internal diameter may offer 
only 2,000 acoustical ohms impedance, so that for negligible 
shunting loss the internal diameter should be less than this. 


Description of Experimental Microphone. 

Che experimental probe microphone design is influenced 
by a variety of considerations, including those of size already 
discussed, but is broadly based on that of the laboratory 
model of Fig. 1. The microphone element is a moving-coil 
unit which was chosen because, although such units are of 
delicate construction, it is found in practice that they are 
relatively robust and able to withstand a fair amount of 
mechanical shock. To avoid magnetic effects between the 
moving coil unit and other transducers, e.g. the receiver 
under test on an artificial ear, the unit is fitted in a heavy 
mild steel case and a probe about 5 in. long is used. The 
heavy case also safeguards the unit from, unwanted signals 
which might be transmitted via a light case. The probe is 
of stainless steel and has an internal diameter of about 
0-030 in. (external diameter 0-050 in.); it is likely, therefore, 
that it will have a characteristic impedance greater than 
10,000 acoustical ohms and the obstacle effect will be negli- 
gible in the working frequency range. A rigid brass pro- 
tective cover is provided to safeguard the probe. 

The brass coupler which forms the termination between 
the probe and the microphone unit is the most interesting 
part of the construction, because the size and shape of the 
cavity which it forms above the microphone diaphragm are 
the only variables which may be controlled if a standard 
microphone and constant bore tube are accepted. The 
variation of these parameters and their effect on the 
sensitivity of the microphone were the subject of the 
development experiments. Tests with the laboratory probe 
had indicated that a clearance of about 0-020 in. between 
he microphone diaphragm and the cover might prove to 
give the, most satisfactory sensitivity/frequency character- 
istic. With this in mind the shape of the coupler was made 
is in Fig. 3 (a), so that the radius of the coupler profile was 
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0-020 in. greater than that of the microphone diaphragm. 
The outer rim or ‘‘washer’’ portion was, however, initially 
made 0-030 in. deep so that it could be turned down as 
required and the effect of variation of depth could be 
investigated 


Desien Objectives 

Fig. 4 shows the sensitivity/frequency characteristic of 
the laboratory probe microphone, illustrated in Fig. 1. For 
the unequalised condition of the microphone the character- 
istic with its succession of peaks and troughs (due to stand- 
ing waves in the tube) resembles that of the voltage/ 








sensitivity would be obtained if the axial clearance was 
greater than or equal to the edge clearance. With this in 
mind a coupler was made with a radius equal to that of the 
microphone diaphragm (0-619 in.) for stage II tests 

Stage I]. The optimum clearance for the new couplet 
was found by applying the information gained from the 
previous test that the low-frequency sensitivity remained 
WITH WOOL. QUAL SATION constant until the optimum was reached. Measurements at 
i few low frequencies were made to resolve this value, which 
again was found to be 0-010 in. (Fig. 3 (c) ). The change of 
coupler shape, however, gave an improved sensitivity of 
about 2 to 3 db. at frequencies above 3,000 c/s when com 
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FREQUENCY: « pared directly with the previous coupler. 

Stage (III. Although the 0-619 in. radius coupler had 
improved the sensitivity at the higher frequencies, it seemed 
significant that the optimum edge clearance was still 

frequency characteristic at the distant 1 of an incorrect] 0-010in, Examination showed that the height of the stiffen 
terminated transmission lin el small amount < ing corrugations at the edge of the microphone diaphragm 
i 


lambs’ wool is introduced into h end e tub ! was limiting the clearance. As a result it was decided to 
characteristic is smoothed as show it i en make further tests with a coupler of 0-61%in. radius having 
rapidly at about 4,000 c/s. For many pu es this fre a fixed safe working clearance of 0-014 in. at the edge. The 
quency range was not sufficieatly wi nd it was though axial clearance was varied as required by turning equal 
that the objective should be,to attempt to produc micre depths of metal off both the flat faces of the coupler so that 
phone with a smooth sensitivity /frequency characteristic uy the constant edge clearance was maintained. The effect of 
to at least 8,000 c/s and to maintain t nsitivity in the the variation on sensitivity is shown in Fig. 6. Previously, as 
range 80-8000 c/s, so that it was 

than 6 db. below the mean 

L.OO0 cis 


I vpertmental W or} 
[he tests made during t 
microphone were in three st 
ments of the sensitivity/fre« n 
probe microphone made after the \ 
coupler dimensions. The met! 
tions using a Rayleigh Disk | | 
not discussed here and only lew oO t ny ra rl : _ mf. v= CYCLES/SECOND 
taken are recorded to show 
Additional acoustic damy ing. suc] viry/} ee ¥Y CHARAC ~ IsTh n b. aarene 
not introduced into the probe tube in any t mple eae Awl aon ne tcaiaadsnas 
tllustrated, other than the 
. he optimum clearance was approached, the resonance 
peaks in the low-frequency range were unaffected and for 
clearances less than the optimum the sensitivity was reduced 
by an almost constant amount. In this case, however, the 
marked resonances were smoothed even at low frequencies 
by the viscous damping effect of the small air clearance above 
the diaphragm. In addition, the output in the low-sensitivity 
gion above 4,000 c/s is increased so that the sensitivity 
ipproaches a constant value to a much closer degree than 
before. It was also found possible to ‘‘over-equalise”’ the 
microphone, an effect which had been observed before when 
lambs’ wool damping, and obtain a form of inverse 
iracteristic such as that shown for the 0-004 in. clearance. 
ve using a 0-005 in. clearance, which was finally 
1, shows the microphone to have almost constant 
sitivity up to about 3,000 c/s and a gradual rise in 
sensitivity above this frequency up to 10 ke/s where it 
sensitivity with edge clearar tween the diaphragm and tartstofallaway. Thecavityshape wasasshown in Fig. 3(d) 
the 0-639 in. radius cover s the clearance reduced fror [he degree to which the sensitivity can be maintained 
0-030 in. to 0-010 in., the sensitivity increas e higher onstant in the low frequency range is largely a question of 
frequencies, particularly in the é ( regio! or cl the length of time that can be given to the tailoring of 
ces less than 0-010 in., the ! ivit riously reduced individual samples by finding the exact optimum spacing 
almost constant amoun ll fre lor example, microphone No. 2 of Fig. 6 is more carefully 
with the edge clearance of 0-010 vas a mn it equalised, but even in this case little time was spent to 


edge 


It will be noticed t t I ! learance obtain a constant response 
r optimum sensitivity was i the expecte 1 he final performance of the small-bore probe microphone 
of 0-020 in. The axial clearan é e clearance al the is better than was originally expected in the design 
centre of the diaphragm, was 0-005 in. a t! vity was < bjectives. For many purposes it might be considered that 
a divergent meniscus form. It w hou a higl too tedious to apply the method of equalisation to the 
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same extent as in the case described. In this connection it 
is interesting to note that, at any stage in the equalisation 
proce large undulations in the sensitivity/frequency 
characteristic could be readily smoothed by the introduction 
of a small quantity of lambs wool into each end of the probe 
The resulting curve would, however, have a trough 
region of low sensitivity at about 5,000 c/s 


Other Microphones 

lests have shown that the technique of using 
quantity of lambs’ wool, glass wool or similar 
absorbing material at each end of the probe in 


smooth the response of a probe microphone, may be appli Ricanance Fon cat 


successfully to probes up to about 4 in. diameter. Such ag go in ry 
microphones are, of course, much more sensitive than th , pm ——— 
small probe microphones already described because of th 

greater area over which sound pressures are applied and 

hence the greater force available for vibrating the d 
phragm. For larger tubes a form of continuous “‘loading 
has been found satisfactory, using strands of darning woo 
down the tube with a small additional quantity of wool at 


the ends. Ihe characteristic of a moving-coil probe micro 
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phone with a }-in. tube, for example, has been successfully 
smoothed in this manner. In the case of the larger-bore 
probe microphones the characteristic, although smoothed, 
falls away at the higher frequencies. A reduction of sensi- 
tivity of about 6 db. per octave is typical of observations 
made on both condenser and moving-coil microphones with 
probes between 4 in. and } in. diameter. 

Possibly the most interesting results obtained in the 
investigation were those obtained with a moving-coil 
microphone with a probe of 0-05 in. diameter which was 
otherwise identical with the 0-03 in. probe microphone 
With this microphone three values of clearance were found 
which gave a relatively flat sensitivity/frequency character- 
istic. Fig. 7 gives three families of curves corresponding to 

learances in the region of the three ‘‘flat’” values. At low 
frequencies up to about 3,000 c/s the curves follow a smooth 
pattern, but at higher frequencies there appears to be no 
logical sequence in their arrangement. If, however, they are 
redrawn with sensitivity as a function of clearance, as they 
ire in Fig. 8, which gives curves for only a few frequencies, 
the curves then show that even at high frequencies a smooth 
relationship exists between the two variables. Figs. 7 and 8 
serve to show the complexity of any approach to the prob- 
lem of deciding the cavity shape by calculation. Whilst 
relationships analogous to those of the electrical trans 
mission line are known for the probe, the problem of 

igning values to the acoustical impedance of the termina- 
tion with its fin mensions is complex and not readily 

il ulable 
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An Automatic-Scanning Receiver 


for Radio Monitoring 
U.D.C. 621.396.62 


This article describes equipment which has been developed for attachment to a suitable commercial receiver for automatic monitoring of 
radio signals. Frequency bands between about 250 and 1,000 kc s in width can be scanned automatically and the received signals per- 
manently recorded on electro-sensitive paper. 
Introdu 

PQ AHE work of choosing suitable freque for nev higher-frequency ranges, so that, at 20,000 ke/s, ‘ 
radio-communication channel greatly facilitated volts is the minimum signal strength for reliable re 

accurate records of exis ransmissio! I rhe swept frequency band is represented by the w 
rd l of the chart and can be adjusted as required, the smaller 


frequency bands for hi he informatior he frequency sweep the larger being the spacing between 
and hitherto tl 1¢ traces of adjacent transmissions. A normal! operating 
mdition gives a swept band of approximately 1,000 ke/s 
1 width for the 8 in. width of the chart. The normal chart 
rato! ieeded l th peed is } in. per hour, so that 100 ft. of chart, the standard 
information that is now required itom canni length of a roll, will provide for 100 days continuous 

ording. At two-hourly intervals, the input terminals of 


radio receiver are automatically disconnected from the 


equipped with manu 1m 
accurate frequency « brations is process \ l ! 
tedious and many 


receiver has therefore 
arduous part of this 


a roll of sensitised pap inuou rd ill the signals eri and are switched to receive frequency calibration 
] ‘4 - y ] 


iat are received abo rhe input signal then consists of a series of 100 
juency band betwee: larmonics extending over the whole frequency ran 
the receiver. Whichever tuning range of the receiver 1s 
use, the recorder marks a dot on the chart each time the 

A sensitive gang-tuned radio re — ymmet requency of tune passes a multiple of 100 ke’s. Rows of 
communications type forms e basi anning requency markers are thus imprinted at l-in. intervals 
receiver: however, any receiver wi . Sir ining contro ilong the length of the record, and, as the 100 ke’s harmo 
ind having adequate sensitivity and si ty » tw is St lected each time by the radio receiver itself, t is 
employed, provided that it has a | tive non-slip slov calibration allows for any variations in the frequency scal 
motion drive. The tune-frequency of receiver is swe] of the tuning system 
over a predetermined frequency ind ner ' ie general appearance of the complete automat 


. , , 
minutes by a drive unit which is , lly coupled t scanning receiver and a block schematic diagram are OW 


the tuning spindle. In synchronism with the init in Figs. 1 and 2 respectively. The tuning spindle of the 
control. a recording device moves sté per ” radio receiver is driven by a coupling from the electrically 
Mufax”’ electrolyti ' nd recot » dot whenever a yperated drive mechanism, the spindle being rotated slowly 
signal is picked up by the receiver at trenct es t i clos kwise direction over a predetermined angular sweep 
than the minimum at which the equipment is set to oper \t the release of a magnetic clutch the tuning spindle ts 


rhe intensity of the dot depends to some ent upo! , rapidly returned in the reverse direction to its starting 
strencth of the in ing signal oadnd Its acra ¥ point, the whole cycle of operations taking two minute 
input terminals he particular r r used being Working in synchronism with the tuning drive is the 
smallest mi liable operati belov : recorder. A wire helix fixed round the outside of a scanning 
On this re h nsitivitv 1 somew on the drum passes slowly underneath an insulated metal strip, 
= Fis anion ani “> ion the writing edge, as the drum rotates. One revolution of 
ianles ant Prvition Branch and Us Auge tasccingls re ed he scanning drum corresponds to one complete tuning 
Experimental and Dev t Branch, |} Office ep by the scanning-drive mechanism. Damp electro 
sensitive paper is drawn by feed 
rollers between the helix and the 


writing edge, and, whenever the 





radio receiver is tuned to an in 

g signal of suitable strength 
i pulse of current flows between 
the helix and the writing edge 
through the paper. At the point 
of contact the paper 1s thereby 
darkened, the stronger the radio 
signal the darker being the re 
ulting dot. The ‘paper must be 
moist for the electro-chemical 
action to occu! ind, for this 
reason, the roll of paper and the 
scanning drum are contained in 
1 carefully designed moisture 
tight container made of perspex 








As the paper passes the scanning 
drum it is allowed to dry, the dots 
then becoming permanent mark 
ings. Pen or pencil annotations 
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be 
The 


unit is powered by a synchronous motor, shown on the right 
of the drawing, with a shaft speed of | r.p.m. This motor 
turns the armature of the magnetic clutch continuously at 
a Steady speed predetermined by the change-gear in the 
. train between the ttor and the clutch armature. Until 
r the clutch armature ts energised, no torque 1s transmitted 
| tos to the receiver-tuning spindle which is held at the start 
— , oe position by means of spiral return spring. When the 
- clutch armature is energised, the clutch pole plate grips 
and the tuning drive otated steadily in a clockwise 

lirection until the clutch ts released 


ni" Tinwua tow 


erctivt® 


rhe tuning drive is returned by a spiral clock-spring, and 

prevent the return speed from becoming excessive and 

thereby damaging the mechanism the speed is limited by a 

by-pass gear train which is brought into operation by the 

silent ratchet whenever the tuning shaft rotates in an anti- 

clockwise direction ie gear on the outer housing of the 

rare “444 _ t atchet is driven continuously in an anti-clockwise direction 

t 20 times the forward speed of the tuning shaft. Thus when 

the electro-magneti lutch is released, the spiral spring 

accelerates the tuning drive back towards its start position 

until the speed is sufficient for the ratchet to grip; the inner 

ind outer members of the ratchet then rotate together at 
the speed of the outer housing of the ratchet 


| 
levectagurr 


mcorote 


This method of obtaining reciprocating motion with a 


ist flyback time permits up to three forward revolutions of 


made quite satisfactorily on the pi when if is dry the tuning drive in two minutes without overloading the 


mi ple te automatic-scanning receiver! can iM motor The driv ing load is high during the forward motion 


ivernently divided into four separate units because the motor is then storing energy in the spring, for 


i 


The 
The automatic-tuning-drive unit spindle forward. During the return movement, the motor 


commercial radio receiver the rapid return movement, in addition to driving the tuning 


ler icts as a constant speed device to limit the flyback speed to 
mtrol and recording circuits 20 times the forward speed, the driving energy for the 
will be considered in turn return being drawn from the spring. If the motor were 
lirectly coupled to drive the tuning backwards at this high 


speed a much larger size of motor would be needed to 


receiver must possess good selectivits ul should provide the necessary peak torque 


ceive! 


ipnal/image ratio greater than 40 db. on all the \ coupling having two flexible joints is provided with the 
band Further, it ts important that its n tuning drive so that exact alignment of the drive-unit and 


hould be as low a possible because the lowest the receiver-tuning spindles is unnecessary With this type 


vel at which rehable recordings can be ob I f coupling, it is essential, however, that the axes of the 
upon the adequate separation of the wanted t ling Te ind the driving shaft are approximately 
noise background itherwise uniform angular motion of the receiver 


hould contain a beat-frequency pindle will not be obtained 
used in reception of CW. signal receiver can | ed by hand independently of the 
| unit, when the spring-loaded dog clutch 


r is released rhe spring 


, sweep the tunin and vdin | he dog clutch slips back to re-engage 
bandwidth: thre ravel can | I ec! iK iriy i On the operator releases the 


ERDAIVE SAFETY . 
at «rt OlUSTABLE BACK 
“i. 





elx and knife-edge the paper is discoloured by electrolyti 

tion 

Che paper is stored on the recorder in a moisture-tight 
container and is drawn between the helix and the writing 
edge by two feed rollers. The lower feed-reller, which is of 
stainless steel, is driven by a train of gears from the helix 
driving-shaft, which is in turn connected by two change 
gears to a small synchronous motor. This is provided with 
internal gearing to drive an output shaft at 1 1 p.m. The 
upper pressure roller is rubber faced with an accurately 
ground finish and is spring-loaded to make the paper grip 
the feed roller 

By a suitable choice of change gears, paper speeds of } in 

in. and 2 in. per hour are obtainable, the slowest being 

rarded as best for normal use. The gear ratio between the 
helix and the feed roller has been chosen to give 60 transvers« 
scans for | in. of paper travel for all paper speeds 





[he automatic-tuning-drive has been designed for a 
scanning speed of one compk te sweep in 2 minutes, when 
the paper speed Is 4 In. per hour When the higher paper 
speeds of 1 in. and 2 in. per hour are used the time during 
which the receiver tuning is driven forward per sweep is 
tuning knob ’ proportionately reduced. ‘The maximum frequency band 
that can be scanned by the automatic-tuning-drive is 
therefore halved and quartered respectively at these higher 


paper speeds 





Table 1 shows the number 
shaft obtainable for scanning 
and one line per two minutes ft gears 
any one of the B gears can be fitted 1 e mec] m h Mufax paper was primarily intended for high-speed 
same time. so that two ranges « e large and recording, with paper feed-speeds of the order of 2 in. per 
small. are immediately availab /' e operation of ; minute and higher writing speeds of the order of 1,000-2,000 
gear-change lever in. per minute. With the low writing speeds for which the 

The driving-spindle torque availa t all speeds is n present recorder has been designed two difficulties had to be 
less than 500 gm. cm overcome, one being that the paper, on leaving the roll, 

rapidly became too dry for electrolysis to take place, and 
The Recorder the other, that “spreading” of the marking colour occurred 
when current was applied in roughly the same spot for an 
appreciable time. The first difficulty was overcome by 
storing the paper in a carefully designed moisture-tight 
container which encloses the paper right up to the recording 
point to minimise evaporation, and the second, by utilisin 
the discharge of a capacitor to provide the source of current 
electro-sensitive paper, at for marking the paper, giving in effect a pulse which over 
of 0 denbe-cthetins tielix «i "ate: omes the spreading mentioned above. Variable-density 
a knile-edec onties on headliner dh 1, that - recording, which gives some indication of the signal strength 
ie fclie ond the taille ad cake al : er the density of the mark produced on the paper, is obtained 
single point contact th by making the charge on the capacitor dependent on the 
aucaheer tien untetion of \.G.A voltage in the receiver. The operation of this part 
tuning sweep, one rotation ¢ - 

t 


{ the scanning receiver is described later, in the sectior 
scan of the frequency bar 


dealing with the control unit 
\ simplified layout of the recordet ren . rosion of the stainless-steel writing edge must occur 
damp electro-sensitive | i ir | because the metal takes part in the chemical action of di 
helix an ni and wheneves rrent flows between louring the paper, and it may become necessary in cas 
where a scanning receiver is monitoring the same band for 
s longer than, say, two months to grind or replace the 


Che recorder produces a perm 
received, on a roll-chart 8} u 
the chart representing 
length of the chart give the 
scale of 12 in. to 24 hour I 
well established in facsimile 


‘ 

ROLL OF DAMP PERSPEX wrth due * i y ory 1 om . 

ELECTROSEMSITIVE PAPER  worstunt Theat itu edge [his is a_ straightforward operation 
co 


WER = WRITING EDGE §«=—-PRESSURE ROLLER 


“A natively, so that erosion does not always pit the edge 


same place, it may be possible to shift the frequency 
| tt scanning range a little from time to time Phe 
=< : — ing drum does not take part in the chemical action 
> SE / ; ind unless the platinum-iridium wire helix, which isrelatively 

r 


GEAR TRAIN 


MICRO SwiTOH 

HOUSING 
ae Access to the roll of paper is obtained by removing a 

: vtep cou.en perspe cover held in position by four thumbscrews 


\fter a new roll has been fitted, the free end of the paper is 


\ i is mechanically damaged it should last indefinitely 
XS 


' 
assed beneath the writing edge and between the feed and 
ressure rollers which, together with the writing edge, are 

SCANNING DRUM pring loaded to rise clear of the paper when the lid of the 
der is raised. The perspex cover is then replaced, the 
moron (4h PM t ma po bly t il te that the exter 


extent to wl 








position of the paper adjusted to feed correctly 
lid of the unit is closed. This depresses the sprir 
the writing edge, so that the writing edge re 
own weight on the paper, and also causes the 
pt pped between the feed and pressure roller ¥ e war | 
The current in the coil of the electro-magnetic clutch sea ae soon needs ha 
sutomatic-tuning-drive is controlled from the 

where micro-switches indicated in Fig. 4 are operated 
cams on the shaft driving the scanning drum. These mi 
switches operate relays on the control unit. The cam 
so arranged that the control pulses occur at the beginning 
ind end of each line scanned by the helix. The timing 
these pulses is such that the helix rotates 338° from 
peration of the start pulse to the operation ol the rele 

illowing 22° for the flyback, corresponding to a 

for a scanning speed of | line per 2 minutes 

» seconds longer than the automatic-tuning-d 
takes to return to its start position so that there should 
be no chance of loss of synchronism between the receiver ‘ 1) { OF RECORDER 
ind the recorder. The signals intercepted by the rece 


TO waite €0GE 


during the flyback time are not recorded. The chart : the receives his note falls to zero frequency and rises again 
i margin of about a } in. each side where signals are n until the signal is swept outside the L.F. passband. The out- 
printed put from the anode of the last valve of the receiver is taken 
\ third micro-switch operated by a three-lift cam on th to the printing circuit, shown in Fig. §, where a low-pass 
feed-roller shaft gives pulses occurring every two hours for filter R3, C2, R4, C3, limits the upper frequency entering 
disconnecting the aerial from the receiver and connecting this circuit to approximately 400 c's. When the sliding 
the harmomie generator that supplies the frequency calibra note resulting from a radio signal sweeps below 400 ¢/s, 
tion signals, This gives a few lines of 100 kc/s marker point the rectifier MR2 pas i direct voltage to the grid of 
at two-hour intervals so that the chart is calibrated bot! the D.C. amplifier valve V1, the output from which then 
for time and frequency raises the grid voltage on the first half of the double triode 
\ useful facility is that of being able to stop the scan V2 operating in a trigger circuit. As a result, the anode 
chosen signal on the record so that the station can be urrent of this triode section of V2 rises sharply, operating 
lentified. For this purpose, two press-button switches of relay RLA Chis condition persists until the direct 
the ‘‘push-on” “push-off” type are mounted on the writing voltage applied to V1 falls to its original value, i.e. until 
table of the recorder Cone switch operates i lamy situated the shiding 


note has passed through zero and risen again to 
behind the scanning drum, to silhouette the section of th ibove the filte it-otf. The trigger circuit then releases 
helix in contact with the paper. This enables the o I relay RLA wing to the slow rate of rise of attenuation 
to follow the actual point of recording across the char 4 this filter frequency range over which the relay 
on of the second press button switches-off th ¢ printing ciret ind this effect is reduced somewhat by 

of both the drive and recorder. Precise tuning peak limiter consisting of MRI, Cl and RI. 
can then be made manually by releasing the The 
hown on the tuning spindle in Fig. 3 $ thr 


this point approaches the station to be identified, t! operates depends upon the signal strength at the input to 


operation of relay RLA discharges the capacitor 
ough a cir terminating in the electrodes and 
t 


he recorder circuit, so making 


electro-sensitive paper of 
i brown dot on the chart 
ontrol unit contains the remainder ot the equipmer [he density | 


governed by the magnitude of 
ludes the following sections the 
i } 


lischarge fre ve capacitor, which is proportional to 

recording circuit the voltage to which s initially charged. This voltage is 
harmonic venerator mtrolled in I d sity-control circuit, Fig 5. by the 
circuit for synchronising the cordet instantaneous ¢ vain-control voltage in the radio 

Lits receiver, The ly 3 acts as a D.C. amplifier, and because 

ipply equipment the A.G.C. voltage is connected to its grid, its anode 


lt 


rding circuit provides the link be 1 the voltage can be used to charge the capacitor C4 to a voltage 
; | 


: " ’ 11 
4 ct Wie ses ' 5 t lieve 
output and the lectro-sensitive Wess MASTS il level 


msidered in two parts, the fir ing the For satisfactory operation of the “‘zero-beat’’ recording 


which initiates the d circuit, the frequency the internal oscillator must be 
lytic action on the chart d the secon fixed at a value which gives zero-frequency beat with a 
sitv circuit which dictates the treneth of the signal when the receiver is exactly ‘“‘on-tune,”’ 1.e. when the 

e according to the streneth of the received sign A.G.C. voltage 1 i maximum 
printing circuit operates as follows he radi The harmonic generator is of conventional design and 
contains a fixed trequency oscillatos ; produces harmonics of 100 ke’s. The reference-frequency 
freq cy oscillator, which for purpo t uurce is a 100 ke s erystal oscillator built on the same 
has its frequency adjusted to the middle hassis. A very narrow pulse is employed as the source of 
I.F. band. The oscillator signal 1 lixed harmonics, and care has been taken that the levels of all 
signal, so that erel requenc\ harmonics between 4,000 and 27,500 kc/s do not differ too 
nt appears at the output of f1 ecto much. The variation between the levels of different har- 
juency of tune of the receiver is monics over the whole of this band is of the order of 15 db. 
vy band, each intercepted signal in turn crosses Within any 1,000 kes portion of the band it is less than 10 
1 in beating with the signal from the dl \t two hourly intervals a low-capacitance relay is 
i sliding note at the output of operated by a pulse from the recorder. The aerial input of 





the receiver is thereby swit 
harmonic generator and at t 
is connected to the latter. 
chart for time (2 hourly int 
intervals). 

The function of the 


RECORDER 


Prin Tine 


2 WR PULSE 
*SCRO Swf 


ao 


6.— SIMPLIFI! 


synchronise the scanning 
with the mechanism of 
This Is necessary because 
to drive the two mechani 
The two motors have the same 
motors driven from the same 
of the tuning is effected by mi 
which are actuated at the li 
thereby controlling, through 
in the drive unit, and, once every 
on of the harmonic generator t 
points on the chart. The cir 
interconnections between the 
whole scanning receiver. 
The control circuit also hous« 
adjustment facilities, an R.1 
to the receiver, whereby the 
adjusted, and a “‘density” 
enables the operator ft id 
marking of the chart record in the 
Power for the operation of all s 
receiver is drawn from the 250 V 50 
power connection is made to a sock 
and all the other sections 
necessary A.C. or D.C. pow 
cables interconnecting the variou 
circuits are incorporated in 
300V for valve anode supplies 
operation. The total power 


supply mains for the whol 
operation amounts to appr 


Field Trials. 


An early model of the scanning receiver has been on field 
trials for nearly a year and a portion of a typical chart is 
shown tn Fig. 7. The recorder was at this time scanning the 
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SCANNING 


frequency band 9,000 to 10,200 ke/s and the chart speed was 
1 in. per hour. The operating sensitivity was 2 microvolts 
E.M.F. input at the receiver terminals. The density-control 
circuit was operating at its maximum voltage, so that all 
the radio signals have, in this case, given records of 
ipproximately equal intensity 

rhe 100 ke/s frequency marker points can be seen in the 

ups in the record which occur hourly on this equipment 


Other Possible Uses 


[he automatic scanning receiver was developed as an 
aid to radio monitoring but it is possible that it, or some of 
its parts, may find other uses. Thus, the complete equip- 
ment could be connected to a coaxial cable carrying multi 

innel telephony, instead of to an aerial, and could then 
ovide a record of the variations in traffic loading of the 
ible over any desired period. Again the drive mechanism 
ild be connected to a multi-point switch, in place of the 
tuning spindle of a radio receiver, and a record made of the 
variations in pote ntials applied to the switch contacts. For 
example this technique could be used for traffic studies on 
say 100 lines of a telephone exchange. Or records might 
made of the condition of a group of alarm relays monitoring 


state of unattended equipment 


| , 


13 
icknowledgment 


[he co-operation of various colleagues in the Radio 
Experimental and Development Branch during the progress 
of this work, and in particular the assistance of Mr. C. G 
Hilton, is acknowledged with pleasure 








Single-Sideband Multi-Channel Operation 


of Short-Wave Point-to-Point Radio-Links 


F. C. OWEN and A. B. EWENT 


Part 2.—An Independent-Sideband Transmitter Drive Unit and Monitor Receiver 


U.D.C, 621,396.41 :621.396.619.24 


The design, construction and performance of a transmitter-drive unit, and associated monitor receiver, are described. The equipment 
generates a low-power independent-sideband signal comprising two 6-kc's channels, one on each side of a reduced-level ‘pilot’ carrier, 
suitable for application to the final modulator and power amplifier stages of a short-wave transmitter; alternatively, a single-channel 
double-sideband signal can be generated. The present article is Part 2 of a series; Part | gave a general survey of the principles of single- 


sideband multi-channel operation, and subsequent articles will describe a high-power transmitter and an 


INTRODUCTION 
r “MHE function of the drive 


power! two-channel single an 
for application to the final modulate: 


short-wave transmitter 
| 


| 
j 


amplifier stages of 


thus forms part of an independent-sideban system 


apable of transmitting two independent 6-ke s channel 
me on each side of the carrier frequency kach 6 ke 
channel may itself be sub-divided into two 3-ke/s telephon 
hannels or several telegraphy channels, or a combination ¢ 
telephony and telegraphy channels, as discussed in Pa 

the series.! 

[he equipment described is similar in principle to earlie 
lesyzns used at Post Office transmitting stations, but 
number of improvements and refinements, which « xperien 
desirable have been u orporated 

with the drive unit is a monitor receiver whi 
provides comprehensive facilities for monitoring th 
ind measuring non-linear distortion, either at tl 
the drive unit, or at any of the power amplifiet 
main transmitter 


wn to be 


The drive unit and monitor receiver are a 
the main transmitter as shown in Fig 
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equencies below LO Me 

10 Me's and above the 
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would otherwise 
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output from the modulator at the frequency fe is selected 
and amplified in the transmitter to a power level suitable for 
application to the transmission line and aerial. 

For monitoring purposes, each power-amplifier stage of 
the transmitter is provided with a monitor pick-up probe. 
A low voltage, at frequency fc, can thus be obtained from 
the selected amplifier stage and applied to a first frequency- 
changer located in the main transmitter. This frequency- 
changer is also supplied with a carrier of frequency f, 
derived from the quartz-crystal-controlled oscillator ‘and 
harmonic generator and the resulting signal, in the range 
3-094-3-106 Mc/s, is fed back to the monitor receiver 
associated with the drive unit 


[HE Drive Unni 
Type of Signal Generated 
The drive unit accepts two separate audio-frequency 
signals (referred to as the channel A and B signals), each 
occupying a frequency band 100 to 6000 c/s, and produces 
in independ sideband reduced-carrier signal with 
hannel A above, and channel B below, the carrier at 


3-1 Me/s; the frequen \ CHANNEL 8 CHANNEL A 
pectrum of the com 


posite signal is shown 1 ‘ PILOT CARRIER 
Fig. 2 fa t 
, I ° 


The purpose of the 3000 " ae 
irrier (referred to as the FREQUENCY Mc/s 
pilot’ carrier) is two- ft 2... INDEPENDENT-SIDEBAND SiIG- 

{ | | t BY Drive EourepMENT 
1) It enables the automatic gain control in the distant 
receiver to adjust the receiver gain so that the average 

iudio output of the receiver is correct irrespective of 

level of the incoming radio-frequency 


itomatic frequency control in the 
idjust the receiver tuning so that 
maintained within the pass band 
rrow filter (about 40 c/s wide) which is used 
to select the pilot carrier from the sidebands; further- 
more, it enables the received pilot carrier frequency to 
be synchronised with that of a local carrier oscillator 
which may be used to demodulate the sidebands of the 
received signal to audio frequency. 
he level of the carrier in a single-sideband or independent- 
sideband signal is reduced below the level appropriate to an 
equivalent double-sideband signal in order that as mu h as 
possible of the radio-frequency power output of the trans- 
mitter shall be available for the information-bearing 
sidebands. A low level of pilot carrier is also desirable in the 
interests of reducing inter-channel crosstalk. The level must 
t be reduced too far, however, or the signal-to-noise ratio 
in the carrier channel of the distant receiver will be in- 
adequate when the signal/noise ratio in the sideband channel 


is just adequate. A peak sideband/carrier ratio of 26 db. is 





used in practice in the in lent-sideband system imperfect balance of the first modulators and the relatively 
ratio constituting a con mprotr n th small rejection of the channel filters at 100 ke/s is removed 
conflicting considerations disct 1 abo by a carrier-stop filter (Fig. 4(e)). This is a quartz-crystal 
As discussed later the init may a re used filter which freely transmits frequencies in the ranges 4 to 
generate a double-sideband sign n required 99-9 kc/s and 100-1 to 106 kc/s but offers at least 30 db 
discrimination against frequencies of 100 kc/s + 10 c/s 
Principles of Operation The pilot carrier, which is derived from the 100 kc/s 
The arrancement of oscillator, is then combined with the independent-sideband 
schematically in Fig. 3 , signal by means of a second hybrid transformer (Fig. 4{/)). 
signals at the various stages are shown in Fig. Che reason for partially balancing out the carrier in the 
first modulators and removing the residual carrier by means 
mar We of a carrier-stop filter is that the final carrier level is then 
‘oon It cen, A caen amen i determined mainly by that of the re-inserted carrier and is 
- } Vt 2 almost completely independent of small fortuitous changes 
. } —— | rare in modulator balance, such as might be caused by ageing of 
components. It is important, in an independent-sideband 
system, that the peak-sideband to pilot-carrier level ratio 

should remain constant, otherwise the audio-frequency 

yutput of the distant receiver will vary. 

The composite signal consisting of the upper and lower 
sidebands and the pilot carrier is amplified and applied to 
1 second balanced modulator (Mod. 2), together with a 

3 Mc/s oscillator supply derived from the 100 ke/s oscillator 

by frequency multiplication. A second intermediate 

frequency amplifier (1.F.2) selects the required upper sid 
band (3-094-3-106 Mc/s) and provides a certain amount of 

rejection of the 3 Mc/s component (Fig. 4(g further 

rejection is achieved by the balance of the second modulator 

AUOIO CHANNELS The peak-sideband-output level of the I.F.2 amplifier 
24 db. relative to 1 mW) is measured on a calibrated 
voltmeter; the pilot-carrier level may also be measured on 


L . the same meter (in the absence of a sideband signal a 
CHANNEL 8 FLIER } 


RESPONSE —» : Se change of voltmeter sensitivity being made to accommodate 
{ ~~ the low level of the pilot carrier 


The drive unit may also be used to generate a double 


| ase sideband signal consisting of a modulated 3-1 Mc/s carrier 


For convenience, and in the interests of economy of equip 





PLOT CARRIER INDEPENDENT -SIDEBAND SIGHAL WITH nN he 
& . RE- INSERTED PLOT CARRER ment, the 


same modulation processes are used as in 
independent-sideband operation The audio-frequency 
signal 1s apphed to one channel only; the channel filters are 
switched out of circuit and the re-inserted carrier is increased 
to the level appropriate for double-sideband working. This 
method of generating a double-sideband signal requires equal 
phase differences (apart from sign) between the carrier and 
the upper and lower sideband components; a means is 
therefore provided lor adjusting the phase of the re-inserted 
carrier during installation 


AMPLIFIER 


The A-channel audio-frequency sig 
passed through a high-pass filter to remo 
below 100c/s which might otherwise produce sideband 
signals lying close to the pilot carrier; these signals would be 
accepted by the carrier-selector filter of the distant receiver 
and might adversely affect the operation of the receiver Radio Frequency Oscillators.—The frequency error of the 
automatic frequency control. The 100-6000 c/s signals are carrier radiated by a short-wave transmitter employed in 
then amplified, an adjustable gain-control and a volume point-to-point communication must not exceed the value of 
indicator being incorporated in the audio amplifier. The 30 parts in 10° permitted by International Regulations‘; 
amplified signals are applied to a balanced m \dulator the oscillator stability requirements are therefore stringent. 
(Mod. 1), together with a 100 k urrier derived from a The frequency error of the carrier (fc) radiated by an 
quartz-crystal-controlled oscillator he use of a balanced independent-sideband transmitter depends on the frequency 
modulator enables the carrier appearing in the output to be errors of the oscillations from which the radiated carrier 1s 
reduced to a low level relative to the sideband he uppe derived, i.e., the 100 kc/s and 3 Mc/s oscillations applied to 
sideband (100-1-106 kc/s) of the outpt the first modulator the first and second modulators, in the drive equipment, and 
in the A channel is selected in a channel filter using quartz- the conversion frequency at (fe + 3-1 Mc/s) applied to the 
crystal resonators® (Fig. 4(c)). A similar process is applied third modulator, in the transmitter. The largest percentage 
to the B-channel signals, except that it 1s t! wer sideband error will occur when a relatively low-frequency carrier 
(94-99-9 kc/s) of the output of the first modulator in the B e.g., 4 Mc/s) is derived by applying a conversion frequency 
channel which is selected (Fig. 4(d hannel filters of 7-1 Mc/s (nominal) to the third modulator together with 
provide a very high degree of discrimination against the 3:1 Mc/s (nominal) from the drive unit, and the frequency 
unwanted sideband, so that the output iron ich channel is errors of the 100 kc/s and 7-1 Mc/s oscillations are of opposite 
substantially a single-sideband signal sign. In this case, the percentage frequency error of the 

The A-channel and B-channel signals (100-1-106 kc/s and radiated carrier is 2-55 p, where p is the (equal) percentage 
94-99-9 kc/s respectively) are then combined by means of a error of the 100 kc/s and 7-1 Mc/s oscillations. To meet the 
hybrid transformer. The residual carrier left asa result of the requirements stated above, it follows that the long-term 
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Requirements of the Oscillators. 





onver fres ' 
conversion -irequen 


O-OO12 per 


wv of the 100k and 
oscillators should not exceed 0-003 /2-55 
Le., 12 parts in WP 

For the regular scheduled radio-communi 
of the Post Othce the conversion frequen 
from crystal-controlled oscillators operatir 
7 Me/s. Frequency multiplication, in a harmor 


is ¢ nployed to cover the 


frequency et 


1 conversion Iregu Y rang 
60M to 26-9 Mc/s necessary to produce radiate 
noes of from 4 to 30 Mc's 
i transmitting station containing sever 
ind transmitters the 100 kc/s and 3M 
n be conveniently obtained from a cents 
ting of a 100 kc/s quartz-crystal-controlle 
1 S0-th harmonic generator for the 3 Me 
[here it may be economical to provide a 
100 ke/s oscillator in order to reduce the toleran 
oscillators feeding the third modulators in the 
five or more of the latter oscillators may be 
each transmitter for the various frequencies on 
work 100 ke’s oscillator can f 
transmitter-drive units. In practice it is possible to keep 
1) ke/s supply (and therefore the 3-1 Mc/s output of 
drive umit) within | part in 10 of the nominal frequency, 
monthly checks of frequency being made against a 
tandard to allow for ageing effects. Under these conditi 
the maximum frequency error of the radiated carrier 
1-88 py, where py is the percentage error 
frequency oscillation applied to the third modulator 
follows. therefore, that the long-term error of the conversior 
frequency should not exceed 0-003) 1-88 0016 per cent 
ie 16 part in lo 
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conversion 


ludto lL reque nov Oscillators Iwo audi 


oscillators mounted on the same chas 


frequency test 
is are provided 
t line-up and maintenance of the independent 
loensure that the distortion measured 
monitor receiver (as described in the next section) is 
iwnificantly modified by any inter-modulation in the 
from crosstalk between them, it is 
level of the intermodulation produ 
present in the output of either oscillator should 
not exceed () db. relative to the fundamental level. The 
frequency stability requirements of the 
determined by the bandwidth of the distortion filte 
tolerance of + 1 per cent. 1s sufhicient to ensure that 
distortion component will remain within the pass-band 
Lhe oscillator frequencies 1100 and 1775 c/s) were cl 
to obtain maximum rejection of the difference 
f f 675 c/s) in the distortion filter, which 
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RECEIVE! 
Pri ipies 
A block sche 


momtorns thie 


matic diagram of the equipment pri 


vided for 
ideband and carrier signals is shown 1 


he equipment is designed to from 
at Bel Mi or from 


of the transmutter at tl 


nals are first ransla 


accept signal 


quency-changer unit located at the smut 
Ihe oscillator frequencies required by the monitor e 
nt for frequency changing and demodulation ar 
a) Conversion frequency from the transmitter har 
generator 
3 Mc/s from the drive unit frequency converte! 
100 ke’s trom the drive unit crystal oscillator 
the first frequency-changer is permanently asso 
transmitter harmonic generator, the act of 


mitter automatically ensures that the 
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with the appropriate con- 

ctice, therefore, the monitor 

equipme! over the working frequency range 
Any conversion frequency present in the output of the first 
frequency-changer is virtually removed by passing the 3-1 
Me's signal through a 6 Mc/s low-pass filter. The 3-1 Mc/s 
signal is then applied to a second frequency-changer which 
nal to the range 94-106 kc/s. After a stage 
of amplification the signal path is divided, by means of 
hybrid transformers, into five paths. Two of these outlets 
ure for aural monitoring purposes, the A and B channel 
signals being selected in quartz-crystal filters (similar to 
those used in the drive unit) and then demodulated in 


translates the si 


separate balance 
Measurement 1 Levels, and Non-Linear 
Distortion 


The measurement of the sideband, carrier and distortion 
components is carried out at the 100 kc/s stage, the measur 
ing equipment consisting of a 94-106 kc/s amplifier-detector 
preceded by a calibrated adjustable attenuator. By means 
of a switch the measuring equipment may be connected to 
any one of the following 

1) a narrow-band carrier filter (100 kc/s 

selecting the pilot carrier, 

a narrow-band distortion filter (100-425 kc/s + 
for selecting the distortion component, and 
the unfiltered sideband output (94-106 kc/s 
monitor receiver 

Condition (a) enables the pilot carrier level to be monitored 
continuously on the amplitier-detector meter and an alarm 
circuit, associated with the meter valve, can be arranged to 
give remote visual or aural warning, or both, if the carrier 
level departs from its correct value. Condition (a) also 
enables carrier compression (resulting from, for example, 
poor regulation of the transmitter power supplies), which 

passages of deep modulation, to be 


‘ 


5 c/s) tor 
75c/s 


of the 


may occur auring 
observed readily 
Conditions (4) and (c) enable the equipment to be used for 
measuring the level of the third-order distortion in the drive 
unit or the transmitter. The criterion of non-linear distor- 
tion produced in the system is the level of a third-order 
intermodulation product produced when two equal- 
amplitude tones are applied simultaneously to the same 
channel. The tones, of frequencies f, = 1100 c/s and /, = 
1775 c/s, are applied to the A channel of the drive unit. 
When translated to radio frequency, the signal consists of 
two components of frequencies (f/f, +f.) and (f.+/, 
where f, is the frequency of the carrier. Non-linearity of the 
transmitter or the drive unit gives rise to third-order 
intermodulation products of the type 2(f.+ f.) — (fe + So) 
f, + 2f, — f,, and higher orders. For the particular tone 
frequencies used a third-order distortion component of 
frequency (f, + 425) c/s is chosen; when translated to the 
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band 94-106 kc/s this 

at 100-425 kc/s an 

distortion filter 

expressed relative to the 
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the sideband sig 


nal level is m 
tone at a time being applied 
Although the two-tone 

distortion 


technique using an input 


is been widel 
st j } 


instead of the tones has re 


outlined the Appet tx 


PERFORMANCE CHARACTERISTI 


*r channel Is e1 


1s « apable of delivery 
relative to 1 mW 
24 db relative 

output when both chan: 
when the input to one 
normal tone level, is 
speech is applied to the « 
should not exceed 24 
performance as regards 


peaks ot speech are 


meter because of its rel: 
Frequency-Response Characteristics 
[The overall frequency-responss 
between 200c’s and 6000 S$ 1s su 
channel-selecting filters, as show 


we oe “ee 100 10D4 
MODEM Bice 
bp) APPER BANDSTOP FILTER 


shows the insertion-loss char 

to attenuate the 100 kc/s out of 
A typical overall frequency 

drive output for various frequen 


o the input is 
shown in Fig 


rhe overall 
channels does not vary by m 
to 6000 c/s, relative to the maxin 
band 


nse of the 


rhe response at 100 c/s i od rel to that in 
the pass band and it decreases rapid it a rate of more 
than 20 db. per octave for lov reasons 


discussed earlier. 


n-linear Distortion 


The overall relationship between the audio-frequency 
put level and the sideband output level is shown in Fig. 8 
is also shows the manner in which the levels of the third 

r and fifth-order intermodulation products (2/, f.) 
3f. 2/,) vary as the level of the two equal-amplitude 
» tones (f, and f,) 


: is varied; these components are at 
47 db. and 60 db 


respectively below the standard 


l of the test-tone 


Carrier Compression and Unwanted Phase Modulation 


Non-linear amplification may also result in a reduction of 
the carrier level at the output of the drive unit when an 
audio signal is applied to the input; this effect is known as 
“carrier compression.”” If the amount of carrier compression 
is excessive it results in a corresponding change in the audio 
output of the distant receiver, due to its automatic gain 
control. In the present design of drive unit the carne 
compression at peak smdeband output level does not exceed 
0-5 db., which is negligible 

ests have also been made to determine the amount of 
inwanted phase-modulation present at the output of the 
drive unit. Such modulation can arise if the resonant fre 
quency of a tuned-amplifier stage changes during the 
modulation cycle, due, for example 
capacitance of the valve 
modulati 


to a change in the input 
caused by over-loading Phase 
n is undesirable in a multi-channel system because 
the sideband components thus produced can give rise to 
inter-channel crosstalk. The extent to which the pilot carrier 
in the drive unit is phase-modulated as a result of the 
presence of a sideband signal can be used as a measure of the 
phase-modulation. It was found that, for any level of side 

I il up to that which produced peak output power 

the unwanted phase modulation did not exceed one degree 
the limit of measurement) corresponding to a signal-to 

crosstalk ratio exceeding 40 db 


ind Sig! 


DestGN DETAILS OF THE. EQUIPMENT 


Modulators. 


lhe first and second modulators in the drive unit and the 
lemodulators in the monitor receiver are of the balanced 
type employing pentode valves; the carrier is applied in 
phase, and the signal in phase-opposition, to the two signal 
grids. Amplitude balance is provided by adjustment of the 
screen potential of one modulator valve of a balanced pair 
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Ouarts-Crystal Filters 


A h egree of discrimination aga 
sideband sign: and a uniform transmissio: 
desired frequency range are the main requirements o 
channel filters.* Each filter consists of two half-l 
ection using a total of four wire-mbunted 0 
juartz-cryst il resonators in evacuated glass enve lope 
the upper sideband channel filter, one section has three 
infinity points located in the stop-band on the low-frequency 
side of the carner, while the other section has two infinity 
points on the low-frequency side of the carrier and one in the 
stop-band on the high-frequency side. Input and output 
transformers are provided to enable unbalanced 75-ohn 
connections to be made to the filters 

In the carrier-stop filter two bridged-T sections 
with one wire-mounted 0° X-cut resonator in ea 
Input and output transformers are provided f 
unbalanced connections 

l-ach of the three sections of the carrier pass filter 
the monitor equipment ts of the half-lattice form an n 
tains two wire-mounted X-cut resonators, together with a 
differential transformer. The transformers of the two end 
sections enable 75-ohm unbalanced connections to be mad 
Ihe hiter 1s designed to provide three pe aks of loss on each 
side of the pass-band. The distortion filter is similar to the 
carricr-pass filter, but has its mid-band frequency at 100-425 
kc/s 
All of the crystal filters referred to are hermetically sealed 
and the outside dimensions enable each filter to be 
on a panel 19 in. wide and 3$ in. deep, under a 6 in. dust « 


OUsctiiator 


LOW ke oscillator is a single-valve oscillator 
1 + O° \-cut bar crystal mounted in an evacuat 
lope. The oscillator is not temperature-controlled 
e 3 Me oscillations are derived from the LOO k 
wilator by means of a frequency-multiplier employ 
three stages of multiplication (3 « 5 2 A high degrees 
rejection of the component at 3:1 Mc/s is essential be 
ides with the frequency of the pilot carrier at 
second modulator; by using three stages of multiy lication 
idequate discrimination against this component is 
ned 
oscillators described above are those in« 
of the drive unit: as has already beet 
rahsed 100k soscillator and 3 Mc/s harmon 
veniently be used at large transmitting 
independent-sideband — transmitte 
such a case power amplifiers and distribution 
provided for distmbuting the 100 ke/s 
to the various drives; all 
equipment is duplicated to ensure re 
for convenient maimtenance 


om 


several 


MECHANICAL CONSTRUCTION O} 


exception of the first freque: 
receiver, the drive and monit 
both sides of a single 6 ft. 6 in 
graph of the front of the rack is shown in Fig 
the titers and oscillators, the drive equipment is 
two main units, One contains the audio-frequency amplhihers 
volume indicators and first modulators for both channe 
and the second contains the common 100 ke/s li 
second modulator and the 3-1 Mc/s amplifier 
level controls are mounted on the first, and the re-in 
carrier-level control on the second, of these units 
The monitor equipment also consists of two main units 
the monitor receiver, which demodulates the 3-1 Mc/s signal 
toA.l 


eband 


erted 


, and the carrier and distortion-measuring equipment 
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The latter contains tl tone oscillators as well as the 
100 ke/s am Each of the four main units 
referred to above may be partially withdrawn from the rack 
All connections to these units are 
ugs and sockets on associated mounting 
plates so that a unit may readily be withdrawn completely 
from the rack if more detailed inspection and maintenance 

1. A photograph of a typical unit is shown in 
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and tilted for inspection 
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made through } 


big 














QUENCY AMPLIFIER AND 








The 100 kc/s oscillator i the 3-0 Mc/s frequency 





multiplier also use plugs and kets f{ connection to 
external wiring, the units consisting of s1 is bolted 
to mounting plates 

I'wo identical power units are prov nt rack 
supplies H.T, and heater ver to t t 
including the R.F. oscillator ind the othe: es the 
monitor receiver 

Intermediate-frequency t twee inits are 
made by coaxial cable U-linh Del t test 
panel to facilitate testing. Simi \.F. test ] is 
provided tor connections bet A t 

Co NS 


The performance of the new design of independent- 
sideband transmitter drive represents an improvement, as 
with earher designs, in respect of reduced 
susceptibility of the monitor receiver to unwanted pick-up 
from the stray fields of high-power transmitters in the same 
building, less critical modulator balance, ease wf access to 
the various units for maintenance purposes, and economy 
of rack space. The linearity of the drive unit and the free 
dom from inter-channel crosstalk, are more than adequate 
for present requirements. 

The comprehensive monitoring and measuri 
provided have proved of considerable value in 
and maintaining a high standard of performance in 
independent-sideband systems 


compared 


facilities 


ichieving 


APPENDIX 


An ALTERNATIVE METHO! F MEASURIN N LINEA 
DISTORTION 

If a band of random noise, 6 kc/s wide, is applied to, say 

the A channel of the drive unit, the distribut { the inter 

modulation produc ts at the itput i the ysten due te 

non-linear distortion) will be approximately § wn if 


Fig. 1 


By sampling the noise power at specified points in the 
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Book Review 


“Fundamentals of Technical Electricit H. G 
M.A., B.S« Methuen & Co. Ltd. 543 pp. 11 plates 





346 diagrams ISs 

This book ittempts to present f the st ent readit for the 
early stages of an Engineering Degree, the Ordinary National 
Certificate, or Grades 2 and 3 of Telecommunications Principles 
of the Cit and Guilds of London Institute, the general 
principles of elementary A.C. and D.C, cir t and instrument 
theory rather than methods whereby « eers employ them 
in technical work. The atmosphere create earer that of 
the physics than the electrical engineering laboratory. Amongst 
the many text books on elementary te | electricity 
published in recent years this one stands out or nt of its 
more academic approach. The need for the + examina 
tions has not however been in any sensé erlooked, as the 
author has introduced worked examples to help the student in 








p t ency spectrum, using measuring equipment 
having a bandwidth narrow compared with 6 kc’s, a measure 
f tl level of the third- or hfifth- order intermodulation 
products 1s obtained. It can be shown that, for a channel band 
it! { 6 kc/s, intermodulation noise in a narrow 

entred at f f ® kc/s) consists mainly of third-order 
| t the higher odd-order components, which are also 
present e relatively 1 h lower in amplitude Similarly, 
ter xlulatx t e at f 15 kc;/s) consists mainly 
hift rder products lests on the drive unit have shown 

t t th l-order li wtio expressed as a ratio of the 
jose powers measured at f i frequency within the pass 
} { the energised channel na agrees closely with the 
t bt ed with the two-tone method, when the latter is 
free from the anomalous ettects discussed below The power 
level of the noise applied to the input of the drive unit was 
ljusted to be equal to the tone line up level 1.¢., 6 db. below 
the tone level corresponding to peak output power. At this 


random noise exceeded 
level of the only 


level the instantaneous peaks of the 


the nominal peak output drive unit for 


0-5 of the time 


For routine test purposes it 1s not essential to measure the 
intermodulation noise in a Dandwidth narrow comparéd with 
6 k« it is sufhecient if rahdom noise of a suitable level is 
applied to one channel input of the drive unit and the''signal 
and ‘“‘crosstalk"’ noise powers are compared at the A and B 
channel audio-frequency outputs of the monitor receiver 

The chief advantages of the random method of 


distortion measurement are as follows 


noise 


1) Experience with the two-tone test has shown that the 
level of the third-order distortion product can vary 
irregularly with the level of the tones, in fact, partial 
cancellation can occur at certain levels giving an in 
correct impression of the amount of crosstalk present 
for example, with telephony signals; this difficulty is 
avoided by the random noise technique, the ‘‘signal’ 
then being more representative of a telephony signal 
than is the case with only two tones 

b) All intermodulation products, irrespective of their order, 
which fall in the band selected (and which would, there 
fore, cause inter-channel crosstalk or adjacent channel 
radiation in practice) are measured 
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getting down to earth,”’ and has added numerous unworked 
exercises drawn largely from past City and Guilds papers in 
lelecommunications Principles, at the end of each chapter 
The mathematical treatments are well presented in concise 
form Elementary used 
vectors are employed freely, and the “j"’ notation 
is introduced towards the end of the book for use in the solution 
of resonant and mutually coupled circuits, and simple A.‘ 
A chapter on Units and Dimensions, with an 
Rationalised M.K.S. system, is included 
followed by short chapters on theory of conduction, elementary 
thermioni 


« | 
ana 


unabbreviated Calculus is where 


necessary 


bridge networks 
rxccount of the 


valve applications, and modern views on energy 
radiation. The text is liberally illustrated with diagrams 
of excellent clarity and the publishers are to be congratulated 
on the quality of the paper and printing, which has resulted 
in a volume that is pleasing to handle and to read. C. F. F 
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C.C.1.F. Field Trials of International Semi-Automatic 


Part 2.—Facilities to be provided 
U.D.C. 621,395.35: 621.395.5 


Telephone Operation 


J. V. MILESt 


In this concluding port of the article the author discusses the principal facilities to be provided in the field trials of the international 
semi-automatic telephone system. Brief reference is also made to the arrangement of equipment at the London centre. 


FACILITIES TO BE PROVIDED 


(eenerai 


Pg AMHE Field Trial equipment used by all participating 
countries will be constructed in accordance with the 
tandard specifications, which permit Admunis- 
trations to use their own particular switching techniques 
but ensure satisfactory interworking between countnes 
In the arrangements for the London Centre, Fig. 3 
tor umiselectors, marker controlled, are 
employed for high speed switching and all V.F. signals are 
ent from the line relay sets. This latter contrasts 
with the corresponding methods commonly adopted at the 
ther held trial centres, where 


rie common 


feature 


with amore general technique 
{ using link circuits, a proportion of the signals will usually 


be sent from common equipment 
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To obtain the fullest information on the adequacy 
ultimate require 
international signalling system, it has been a 


that transit switching 


swnalling codes to cater for the 


ot an 
involving not more than one 
or exceptionally two 
ilfernative routing 
addition to a direct 
that all international 
ted on a unidirectional basis 


transit excha 
shall be 
terminal 


semi-at 


It is usual, in pulse signalling systems, to send a seizing 
signal from the cutgs to initiate the necessary 
circuit conditions at the incoming exchange for the rec eipt 
of subsequent signals. Thus, the receipt of a seizing signal 
at the incoming exchange may be used to cause an incoming 
register to become associated with the calling line. Where, 
however, mixed terminal and transit trafic must be 
catered for, and it is desired to use different registers for 
these two types of traffic, a means must be found for 
connecting the appropriate type of register (i.e. transit or 
terminal) to the calling line. This has been catered for in 
both of the trial international signalling systems by the 
use of two different types of seizing signals. The signal 
to be used is determined by the outgoing or intermediate 
transit register, having regard to the destination of the call 
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as indicated by the country code) and to the actual route 
selected. Thus, if a direct route to the country of destina- 
tion is taken, a terminal seizing signal is sent and if an 
indirect route is taken, a transit seizing signal is sent. 


Control of Digit Sendin 

In register systems use can be made of the storage 
facilities to delay the transmission of the digital information 
until the distant exchange is ready to receive it. In each of 
the international signalling svstems the release of the 


digital information is effected under the control of a 
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Operetor keys the country 
code, (66) followed by the 
subscriber's nations) mumber, 
and ‘keyirg finished’. 
Sender routes the coal) cut 
of the exchange, and causes 
@n sppropriate seisure 
signal to be sent 





Country code sent forward 
| in response to the ‘transit’ 
| proceed-to-send signal 


In respomie to ‘terwinal’ 
proceed-to-send signal, 
the language digit is 
transaitted, followed by 
the nations] number, and 
the end of impulsing 





Sender releases (supervisory 
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“On cessation of signal, signal is sent 
connection releases, ard 
release gutrd signal is 
sent. On receipt of 
release guerd outgoing 
eqiipment tests free 


Release guard (PTT) 





Cireult busied for testing. 

(The release guard signal 
is sent when the busy 

condition is removed) 








ye —2 V.F. System, 


including the country code, is passed progressively from 
exchange to exchange each time a proceed-to-send signal is 
received, until the penultimate exchange is reached, The 
transit register at this exchange then terminal 
seizing signal and, on the receipt of a proceed-to-send 
signal, sends only the national number to the international 
With the two-frequency signalling 

terminal register maintains full 
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system, 
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Operator keys the country 
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ond ‘xeying finisned' 
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code (66), lnnguage digit, UCEIA 4 FT VATA 

motional number, and end Stop el nn Transit register stores 
of impulsing. Sender 4, code elements « ‘ei digits, 4n@ routes the 
releases, (supervisory Start element <- call out of the exchange 
lamp glows) causing &n eppropriate 


seizure signal. to be sent 
‘Terminal' seize (Xx) Netionel register 
associated 


“Proceed-to-send (x 


Trensit register transmits : aArythmic code Language digit stored 

language digit, national ‘'---p7q7 Crary, 5° that carrect 

number, end of impulsing, language speaking 

and releases operator may be called 
if required. Register 
stores national number, 
translates, and routes 
the call out into the 
national network. 
Register releases. 





Busy flash (x) 
QZZZZA 


Operetor hears supervisory Sent when practicable 


tones or 4&nnouncements 

















. ® « Ring tone (XSX) Always precedes Ans. 
o~ «—ZZ7__ 27770 §48- 
Supervisory lam dims Anseer (X) Called party answers 
4 - 277770 
Ring key thrown (in case of — Forward transfer (X) ™ Appropriate language 
language or other difficulty V7777A —_ . Speaking operator 
al * brought into circuit 
Backwerd clear Called clears 
Supervisory lamp lignts (XSSXSSX. +) — 
<< 2777 L77TZA_V77Z7 
Operetor clears ““honard clear (X0Si0) bes Connection releases 
—EZZZZZZA_—_EZZZZZA__» an COED Gees 








On cessation of signal, 
connection releases and 
release guard signal is 
sent. On receipt of 
release guard signal, 
outgoing equipment tests 
free 


Signal is sent 
Release guard XX} 


WZZZZZA__VITZZZA_S 





Of receipt of release guard 
signal, ey ipment tests free 


Release guard (IXSXI) 





Circuit busied for testing 
(Tone ceases wien busy 
condition is removed) 


Blocking (continuous Core) 


Fic, § 


Circuit tests engaged, (as 
long as tone is received) 











APPLICATION OF THE SIGNAL Copge—l1 V.F. System 





control of the setting up of the connection tothe extent that it 
sends only the code digits of the country of destination to 
transit exchange in turn on receipt of its transit 
proceed-to-send signal. When the connection is established 
oo far to reach the incoming international terminal 
exchange, a different type of proceed to-send signal is 
returned which indicates to the outgoing terminal register 
that the national number may now be sent. Thus, it will 


each 


as 
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be seen that an exchange returns a transit proceed-to-send 
signal if it receives a transit seizing signal, and a terminal 
proceed-to-send signal if it receives a terminal seizing 
signal. 

All the operations and international signals, as they occur 
for the establishment of two-link transit connections with 
each signalling system, are shown diagrammatically in 
Figs. 4 and § 





Control of the Registers 
When their functional 

digit sending is completed 

allow speech conditions t 

the outgoing register must knov 

completed, and since all Euroy 

not comprise a similar number 

trial countries possess a varying 

is necessary for the operator to 

the outgoing register that all 

has bee n ke ved. This signal, I 

or obtained indirectly by the ac 

connecting key, informs the 

any further digital signals an 

to determine when their sendi 

Before releasing, the outgoing reg 

“keying finished” signal and sends it for 


as the ‘‘end-of-impulsing”’ signal to indica 
terminal register, and the transit register 


ion and 
se and 
ws that 
is been 
rs will 
ld 

it 


ward in form 


te to the incoming 


in the case of the 


single frequency system, that no more digits are to follow 
rhe 2 V.F. transit registers regularly receive only the two 


digits of the code of the wanted count 


I and, therefore 


do not need to receive an end-of-impulsir 


No physical reason prevents the regist 


rs in either system 


from being arranged to commence their function re they 


receive the keying finished ot 


Although there are possible advant 
for incoming registers, it is prefer 
international circuits and common 
unnecessarily on abandoned | 
registers should not commence thei! 
function until keying is completed 
working, i.e. subscriber-to-subscrilt 
practi able to provide the outgoing 
from subscribers’ dials to indi 

been dialled An alternative 
adopted 1s to arrange tor a sign 
incoming country to indicate w 
pleted [he outgoing register 
would know that all the necess 

it could then release Provisio! 
made in the 2V.F. signalling 
selection” signal. Although th 
essential under semi-automatic 
applications. It may be used t 
signal to the outgoing operator 

call in the absence of an internat 

is explained later, may not 
incoming country. It may 
establishment of speech cor 
exchange Where such a sign: 
national network it can bk 
incoming terminal reyister 
its function 


wT ¢ 


Language Discriminat: 

The language to be use 
upon between Admiunistrat 
follows that an Admunistrat 
groups coming from 
service languages are 
not always known, « t] 
in international transit ¢ 
vided to indicate the serv 
operator answering the 
been arranged that an 

hall be sent 


digit can be determi 


register from an analy 
1 identity of the 


g signal 
ngement 
iking the 
into use 
riginating 
git sending 
1utomati 
lay not be 
i signal 
ligits have 
might be 
from the 

1 com 
signal 

sent and 

il has been 
end-of 
nal is not 
er useful 
sory lamp 
te of the 

il which 


ym the 


circuit is directly accessible from the manual board multiple 
In London, where only two service languages are used, Le 
English and French, the language to be spoken by the 
incoming operator is indicated by the lighting of one of two 
calling lamps as determined by the language digit. On calls 
which are switched automatically at the incoming inter 

national terminal exchange, the language digit is stored, and 
used as described above if an assistance operator is called 
nto circuit by means of the “forward transfer’”’ signal 


lhe Problem of Service Tones 

When the transmission circuit is completed after the 
registers are released, controlling operators will receive any 
sudible tones such as “Ring tone,”’ “Busy tone,” etc., which 
’ be originated on the international route or in the 
ing ccuntry to indicate the result of the selection 
With che various types of national switching systems in use 
in Europe, however, the audible tones vary both in frequency 
and in cadence, and it is not unlikely that controlling 
operators may fail to recognise a proportion of the tones they 
will receive under semi-automatic working conditions. In 
an attempt to find a solution to this difficulty the C.C.1.F 
has recommended the use of intérnational signals for the 

Ring tone’’ and “Busy flash’’ conditions. The intention is 
that ringing and busy conditions in the incoming country 
shall be detected at the incoming international terminal 
exchange and be made to initiate the transmission of the 
corresponding signal over the international line. At the out- 
going international terminal exchange the receipt of either 
of these signals may be used to cause a corresponding super- 
visory lamp signal to be given to the outgoing international 
operator. Thus any operator who was in doubt as to the 
significance of a tone would be able to identify the tone by 
means of the lamp signal. It should be mentioned, however, 
that the conversion of national tones into international 
signals presents many problems, especially if the national 
tones vary both in frequency and level, and it may be that, 
initially at least, some countries will be unable to return the 
international tone signals. It has been agreed that, with 
the 2V.F. system, all countries which are unable to return 
international ring or busy tone signals will invariably return 
the end-of-selection signal 


issistance Facility 

If the outgoing operator experiences language difficulties 
with the called subscriber or needs an explanation of the 
significance of a service tone or audible announcement she 
is able to bring about the intervention of an assistance 
operator on the line at the incoming international te rminal 
exchange. This is effected by the operation of a key which 
causes a forward transfer signal to be sent, the receipt of 
which at the incoming international terminal exchange will 

call the attention of an operator by a flashing lamp signal 
The forward transfer signal may also be used for recalling 
operator at the incoming international terminal 
ge on calls which are routed via the manual board at 


Numbers used for calling Operators at the Incoming Inter 
national Terminal E xchange 
lo set up a call to a group of incoming operators at the 
incoming international terminal exchange, the 
information will be keyed in the order stated below 
1) International code of the country of destination (may 
be omitted where access to the circuit used is obtained 
direct from the multiple jack 
The language digit, if not sent automatically by the 
outgoing register 
rhe operator code, Code “11” of the binary series of 
ligits. 
Che end-of-keying signal 





To call a particular operator at the incoming international 
terminal exchange 
above will be followed with the exception that Code “12 
and the required operator's position number will be keyed 
instead of (ode . 

Access to a particular group of operators can also be 
obtained by using Code “12” followed by digits assigned 
and agreed upon by the relative Administrations to route 
the call to the appropriate group’ of positions 


a similar procedure to that descnbed 


Route Indication 

With automatic alternative routing the outgoing operator 
will not normally be aware of the actual route taken on any 
particular call and it may be desirable for accounting pur- 
poses, i.e. the apportionment of call revenue amongst the 
countries the call traverses, to determine the route taken and 
display this information to the operator so that it can be 
entered on the call ticket 

It would be possible in both signalling systems to arrange 
for the outgoing register to pass a signal to the operator 
indicating whether the first, second or third choice outgoing 
route had been taken, and this information, tf considered in 
conjunction with the country code keyed by the operator 
could be used to determine the actual route taken. Where 
however, alternative routing is used at a transit switching 
centre, further information is required by the outgoing 
register to indicate the actual route taken from the transit 
exchange towards the country of destination A ready 
means of providing this information exists in the 2V.1 
system because, with this system, the outgoing register 
retains full control of the routing up to the incoming intet 
national terminal exchange and receives a transit proceed 
to-send signal inviting the country code each time the cal 
reaches a transit switching centre. Thus, if only one transit 
proceed-to-send signal is received by the outgoing register it 
may be assumed that a direct route between the transit 
exchange and the incoming international terminal exchange 
was used If two transit proces d-to-send signals are received 
then the call must have taken an indirect route from the 
first transit switching centre. In the London field trial 
equipment the choice of outgoing route and the number of 
transit proceed-to-send sigtrals received is displayed on a 
panel ol lamps A subsequent reference to a ree ord of the 
physical routings gives the identity of the actual route taken 


Alternative Routing 


] 
i 


of the Called Party 

The controlling operator at the outgoing 
terminal exchange will obtain direct supervision of the 
called subseriber’'s switch-hook on calls complet d auto 
matically at the incoming international terminal exchange 
On calls routed via an operator at the incoming international 
terminal exchange, such direct supervision will be obtained 
only where through-signalling facilities are provided on the 
incoming “'B"’ positions. Where these facilities have been 
provided the controlling operator will obtain a supervisory 
lamp signal when the incoming operator answers the call 
and a clearing signal when this operator goes out of circuit 
She will subsequently obtain supervisory lamp signals when 
the called party answers and clears, These supervisory 
facilities are available in both signalling systems, but in the 
single frequency system, where the backward 


Supervision 
international 


case of the 
clearing signal comprises a continuous succession of pulses, 
arrangements must be made to remove the backward clearing 
signal before speech conditions can be established on 


re-answel 


n at Transit Switching Centres. 

When setting up connections under international auto- 
matic alternative routing conditions, the controlling 
operators can receive no indication if congestion is encoun- 
tered until the registers have tested all available routes. 
This applies similarly in both systems and if all circuits from 
the outgoing terminal exchange are busy, the terminal 
register releases and the operator receives her own national 
“busy” indication. If route congestion occurs at an inter- 
national transit exchange, however, a verbal announcement 
giving the name of the town concerned is heard by the 
originating operator. In the 2V.F. system the outgoing 
terminal register is awaiting a proceed-to-send signal at this 
stage and needs the receipt of a signal to bring about its 
release and establish the speech path. The Busy signal (CX) 
is used for this purpose, being transmitted from the transit 
exchange when the transit register releases on finding the 
outgoing circuits busy, and with the release of the registers 
the controlling operator receives any audible indication 
given from the transit exchange. The receipt of the Busy 
signal in conjunction with the route indicator provides the 
opportunity, if desired, to give the controlling operator a 
visual indication of the point at which the congestion occurs 
and, during the field trials, connection to verbal announce- 
ment and to the Busy tone of the country concerned are to 
be tried out as alternative arrangements in the 2V.F. system. 


Route Congest 


CONCLUSION 


It has not been possible within the space available to do 
more than outline the principal facilities required for an 
international semi-automatic signalling system and to indi- 
cate the basis on which the field trial equipment has been 
designed. The equipment for the London centre, which 
contains many unique features, including provisions for 
detecting signalling failures automatically, has been devel- 
oped in close co-operation between the British Post Office 
and its telephone manufacturers through the machinery of 
the British Telephone Technical Development Committee. 
Auxiliary test equipment,> designed and constructed by 
the Telephone Branch of the Post Office, E.-in-C.’s Office, 
is also provided for checking the timing and identity of 
the voice-frequency signals. Close attention has been given 
by the C.C.I.F. to the general organisation for the conduct 
of the trials® including the determination of the operating 
methods to be employed, the preparation of standard forms 
for recording observation results and the collection of 
statistical information.’ In addition it has been necessary 
to formulate a new procedure for the maintenance of the 
international semi-automatic circuits, including a general 
broad classification of faults on a functional basis, thus 
permitting an analysis of faults to be made irrespective of 
the type of equipment employed. 
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Test Equipment for the London Centre of 
the C.C.I.F. Field Trials of International 
Operation 


Semi-Automatic Telephone 
U.D.C. 621.395.35: 621.395.364: 621.317.34 
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This article describes test equipment designed for use on the international semi-automatic field trials. which enables sent or received 
\.F. signal sequences on any circuit to be observed and a check made that the signals fall within prescribed limits. The main equipment, 


known as a Call Progress Indicator, incorporates electronic timing circuits for measur 


ing the lengths of the V.F. signals, this information 


being automatically displayed by lamps. Other test equipments enable traffic observations to be made on outgoing calls and give 
facilities whereby engineering officers can check the signals on incoming calls. 


INTR l 
ITH the object of economising in costly line plant 
by providing a mort 1utomatK 
working has been in i 1 experimentally on a 
number of international circui yusl yntrolled on a 
generator-signalling basis lescription of two systems, 
which conform to C.C.L.F malling recommendations, has 
bec n the i urnal n 
experimental installation 
equipment has now been « 


subject of an 


on numerous administrativ 
to help in 

Before electrical signalling method 
ingenious attempts were 


assessing the merits of th 


munications i 
time to provide rapid transmission o m between 
places, but delay 1 difficulties in 


widely separated 


deciphering the signals set a limit to the distance over which 
tly re 1. To extend 
intelligibili been the 


electrical 


an intelligible message could be dire 
this limit without impairing 
constant aim of communication engineers, and 
development has been so great in recent years that it is now 
possible to signal over any distance with negligible error, the 
limiting factor being principally that of cost. With the 
extension of automatic principles to international telep! 
communication, greater expenditur: | juction of 
signal distortion, which is a major « 

by the high cost of international circuit ignal distortion 
can now be specified to close limits which are both practically 
limits 


tor test 


me 


is justified 


ind economically attainable, the closeness of e 
depending to a great extent on the means available 
correcting the performan of tl signalling 

The maintenance described in this article 
standard of 


ing and 
equipment 
were developed for ac hiev ing necessary 


accuracy by monitoring and measuring the many signals 
concerned 


ADOPTED 


signalling system, when used for 


OBJECTIVES AND METHODS 
The function of a V.F 5) 
semi-automatic telephone operation, ts to convert the D.< 
conditions, which arise as a result of the actions of the 
operator originating a call or a person answering a call, into 
voice frequency signals for transmission to the distant end 
of a circuit where they are detected and converted back to 
the appropriate D.C. conditions. It follows, therefore, that 
a reliable indication of the functioning of the signalling 
equipment, and indeed the progress of the call to its destina 
tion, can be obtained by observing the succession of V.I 
signals sent or received over a line 
To ensure that the signals are recognised correctly at the 
distant end of a line, they well-defined 
characteristics, particularly with regard to frequency, level 
and duration, and, therefore, any equipment which 1s 
designed to observe line signals should be capable of check 


must possess 


+ Assistant Engineer, Telephone Develop it and Maintenance 
Branch, E.-in-C.'s Office 
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ing not only the correct sequence of signals but also their 
essential characteristics, Such an equipment would have an 
added value if it could be made to indicate whether the 
durations of the signals were within certain defined limits, 
since the knowledge that the length of a signal was close to 
the permitted limit might enable the testing officer to 
anticipate the development of a fault and take action to 
prevent it 


Testing and Engineering Observation Equipment 

Equipment which fulfils the requirements already out 
lined has been developed for the international semi- 
automatic field trials, enabling the signalling sequences on 
any selected circuit to be observed and, on call failure, 
indicating the stage at which failure occurred. The control 
panel on which the signalling sequences are indicated has 
become known as the Call Progress Indicator and is 
mounted on the trunk test rack to be readily available to 
the testing officer Iwo Call Progress Indicators have been 
provided at the London Centre, one for use with the 2 V.1 
signalling system and the other with the 1 V.F. signalling 
system 

rhe usual procedure for testing the signalling performance 
f automatic equipment is to apply signals of a known 
length approaching the limits of the specified duration and 
by this means it is possible to ascertain the state of the 
adjustment of the automatic equipment. In Great Britain 
his facility is usually incorporated in the routiners or testers 
used for checking the performance of the various items of 
equipment, but since it is doubtful whether, owing to the 
small amount of equipment involved, testers wili become 
available generally throughout the European Field Trials 
Network, it was considered advisable to develop a signal 
generator capable of generating any signal or sequence of 
signals, including numerical signals in the form of test 
numbers 


Transmission Testing 

With manual working, periodic speech tests can be made 
on international lines from the multiple jacks at each end of 
a circuit, but this facility may no longer be available with 
automatic working, where the two ends of a circuit may 
terminate on switches. The need, therefore, arises for a 
means of testing the transmission conditions of inter 
national lines, preferably without co-operation at the distant 
end of the circuit. In addition, the desirability of reducing 
the time during which international circuits are taken out of 
service, owing to faults or maintenance attention, justifies 
the use of automatic transmission testing methods, and two 
such methods have been recommended by the C.C.L.F. 
for trial 

rhe first method consists of looping the “go” and 
‘return’ channels at the incoming end of an international! 
circuit in the idle condition so that a test signal applied to 
’ channel at the outgoing end can be measured on 
The disconnection of 
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the go 
the ‘return’ channel at the same end 





at the incoming end will take place 


the loop 
seizure signal 
method of testing to ensure that any part of the 
ignal which passes round the loop and is returned to the 
outgoing end before the loop can be cut is not recognised as 
i syznal at the outgoing end. The limitations of this method 
ire that only the four-wire part of the circuit can be tested 
ind that the go” and ‘return’ channels cannot be tested 
veparately It has, however, proved very useful for the 
broad localisation of faults, such as distinguishing line faults 
from exchange faults, and for routine transmission testing 

The second method consists of the 
iutomatic transmission measuring device at the in 
exchange, to which access is obtained by keying 
code over the circuit under test. A signal is returned to the 
outgoing exchange when connection to the measuring device 
at the incoming exchange has been effected and this causes 
a test signal of SOO c/s at 0 db. to be sent over the circuit 
under test for measuring by the receiving device at the 
incoming exchange. If the level of the test signal thus 
measured at the incoming exchange is within the prescribed 
limits, a confirmatory 800 c's test signal at 0 db. is returned 
ind measured automatically at the outgoing end. If the 
level of the test signal received by the incoming exchange is 
outside the prescribed lumits or is not received, a special 
nal is returned, indicating that the 
ion 1s unsatisfactory 

Ihe advantage of this method is that each direction of 
transmission can be tested separately between the two-wire 
ends of a circuit, but this advantage is lost when a “go” 
direction transmission fault is sufficiently severe to prevent 
the setting-up signal from preparing the measuring equip 
ment 


Certain precautions, must be taker 


seizure 


provision of an 
oOming 


a Spec i al 


go’ direction of 
transmi 


ervice Observation Equipment 


lo obtain a comprehensive picture of the quality of 
service provided by the semi-automatic internation il equip 
service observations are outgomne 


ment required at the 


international exchange on such conditions as the accurac 

of operators’ keying, the speed of setting up calls and the 
occurrence of service difficulties. It is also desirable to 
observe the progress of the call at the point of entry into the 
incoming national network at the international terminal ex 
hange, so that the proportion of failures due to the national 
ind international equipments may be separately assessed 
lo provide such information, two different types 

[he outgoing observation 


equipment have been developed 
juipment is arranged to display the digits keyed by the 
perator and to record the supervisory and route-indicating 
wnals received on the circuit under observation rhe 


ming observation equipment, which is transportable and 


gned for use in the apparatus room, displays all the 
numerical digits pulsed into the national network from the 


mil register 


List OF SIGNALS 


in the two international systems are 
so that the subsequent details of the 


the Call Progress Indicators may be 


$1 which are of single- or double-element form 
hown in Table 1. The numerical 
register signals are sent in the form 


ombinations of XN or Y 


being in binary order, as shown in Table 2 


ligit id certain 
element 


lrequen¢ ICS tl arrangement 


ABLE 1 
rcept Binary Code Signal 





Backward Direction 


Signal 


Function Function elements 


Terminal seizure CX Terminal proceed to send 

Iransit seizure cy [Transit proceed to send z 

Forward transfer PX X* Terminal acknowledgment 
f digits See 

PYY* | Transit acknowledgment of ( Table 2 


iigits 


Forward clear 


End of selection 
Busy flash 
Ring tone 
Answer 
Backward clear 
Kelease guard 
Blocking 


EXPLANATIO 
Nominal Sending 
Length Tolerance 
(mS) mS 


2.040 240008 ho 50 


om pound 
ditto 


2040 c8 


2 400 sf 


Short suffix 


oe . oo ; ; Long sufhx 300 
it should be noted that XX or 
pulse of tone, and not two 


* In the case of long suffixes only 
YY is a symbol for a continuous long 
pulses separated by an interval 








Notes 


Receipt of every four-element 
binary digit is acknowledged 
in the return direction by 
X for terminal acknowledg- 
ment 
for transit 
ment 


acknowledg- 


s 
9 

to operator (Code 11 lith binary combination 

to particular opera 
Code 12 XXY¥ 12th binary combination 

XAYX 13th and 14th binary com 

XXXY/f nations not used 

XXXAX 15th binary combination 

YYYY l6th binary combinatior 


Sending 
veran 
ms» 
5 
h 
yns, each element is separated 
The function of each X 
and also to operate a 
fieance of 8, 4, 2 and | in the 
1 Y element steps the distmibutor 
rex am ple code YXXY represents 








CALL PROGRESS INDICATOR 
wilities Provided 
Both the 2 V.F. and 1 V.F. Call Progress 
: oe ' ; ich in function and appearance resembk 
space peri ; a = 7 ‘ . , ail , : closely provide the following facilities 
. Measurement of line signals 
Tolerance indication 
Decoding and display of line signals 
Measurement of numerical digits 
Display of numerical digits 
Cancellation of display by succeeding signals 


ements, which are t 


stop working is necessary 
in telegraph signalling 
cannot respond if the first « 
this is no change from t 
working, though not in the Voice immunity 
follow each other at irre - ia aeratiienl wre Manual control for fault tracing 
ssythenic code thes hececeine evi secelis tealtile n alin bi Use as general-purpose millisecond-meter (2 V.F. equip 
ment only) 
Che facilities are discussed in the following paragraphs 
Veasurement of Line Signals.—In signalling systems 
which use signal elements whose only distinguishing features 
ire differences in length, the need for accuracy ‘in both 
sending and detecting these lengths is clearly important 
Che mechanical and electrical characteristics of the equip 
through which the signals pass, from their generation 
ir detection, may cause unavoidable distortion of 
signal element length, and, although signalling circuits are 
signed to work reliably so long as these distortions ar 
small, an ample margin of safety between long and short 
elements must be maintained if trouble-free operation is to 
be assured 
To enable a close check to be kept on the lengths of all 
ynals sert or received, each Call Progress Indicator has 
two identical timing circuits, operating from a 1,000 c/s 
ource, which in the 2 V.F. case are used to measure prefix 
nd sufhx elements respectively. In the 1 V.1 where 
some signals consist of three elements (see T; 3), con 
ditions are less straightforward. One timing circuit is used 
2 280 cls 10 ° to measure the first signal element, and the result is rapidly 
280 c/s t ent 125 transferred to a relay storage group during the space 
sient inter t oO : element, which is measured by the second timing circuit 
[he first timing circuit is then released in time to measure 
the third signal element, should one arrive As the ind 
cannot foretell whether a signal will be of one 
element form, it is prevented from decoding a 
accepting a new one until either a third signal element has 
urrived within a certain time limit, or a maximum space 


( ode 





Frequen 


ient interval 





element timing period has elapsed 

liming is started automatically as each signal arrives, and 
he length of each element in milliseconds appears on a 
lamp display when the signal ends 

Tolerance Indication \s it is easier, at a quick glance, to 
recognise the colour one lamp than to appreciate 





} 


numerical significance of several, the test clerk is rel 
from the necessity of reading the exact length of each 
in milliseconds by the tolerance indication dis} 
ippears simultaneously with the millisecond display 
isured elements are within the tolerances liste 
lables 1 and 3, a green lamp is lit; if too long or too 


ry 


1 

ne 
} 

0 


er colours are used and an alarm is given 
Decoding and Display of Line Signals All V.F 
transmitted on the ‘‘go’’ or “return” pairs of any selecte 
nternational circuit are decoded and displayed so that the 
test clerk has an immediate indication of the stage reached 
luring the progress of the call 

Measurement of Numerical Digits..—Since at least 
numerical digits may be expected on international call 

imber of constituent elements in the 2 V.F. case could 

or more Ihe cost and complication of providing 

apparatus to dispiay the measured length of each element 
would be out of all proportion to the value of the result 
particularly as it is relatively unimportant in the 2 V.I 
system if the numerical signal elements are longer than 
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nominal Jt was therefore decided that, be 
nominal lengths of the tone and space element 
simple and useful check would be obtained if a 
a train of digits were compared alternately with 
+} 


Sate a 
elements in 
» timing circuits, each set to the same minimum let 
me triggered by the start of a tone element and the 
her by the start of the following space element By this 
eans, an indication and alarm are given if any element 
than the minimum period 
arythmic numerical code (Table 4) differs 
binary code (Table 2) in that tone and space 
ilternately in the binary code, but tone 
elements (or space elements) may appear consecutively in 
the arythmic code. The previously described method of 
measuring the 2 V.F. elements is thus not suitable for the 
| V.F. case, since comparison of the 1 V.F. elements with a 
fixed minimum reference length is not possible. Instead, a 
test is made in the following manner to determine whether 
the instants at which the numerical elements change from 
tone to “pre or space to tone, occur during the reg 
recurring time-limits of 40-60 mS, 90-110 mS (et ifter 
the commencement of the start element. An alarm circuit 
for detecting the operation or release of a relay contact is 
connected to the V.F. receiver contact which re | 
the numerical elements. Also, the arrival of « 
element triggers a timing circuit which generates, until cut 
off by the succeeding stop element, a train of pulses for 
the alarm circuit inoperative for periods of 20 mS 
in every 50. In this way, numerical elements arriving at 
true nominal speed move the impulsing contact from it 
space to its tone position, or vice versa, In the centre of eacl 
alarm disconnected” period, Le. every 50th mS, as illus 
trated in Fig. 1, and no alarm results. If 
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incoming elements are faster or slower than nominal, the 
time-displacement between them and the generated refer 
s becomes cumulative, and eventually, if the out 
of-synchronism or distortion exceeds the 10 m5 tolerance, 
the impulsing contact moves while the alarm is connected, 
and an alarm ts given 


ence pulse 


Display and Cancellation of Numerical Digits.—All 
numerical digits received or sent in V.F form are 
stored on relays and displayed as illuminated 
figures on a ground-glass screen 

lo save the test clerk from continuous manual operation 
of the Call Progress Indicator, the measurement and decod 
ing lamps remain lit only until a new signal arrives, when 
they are extinguished automatically and the new signal is 
displayed. Signals are unlikely to follow each other so 
closely as to make displays unreadable, but to prevent this 
possibility a key is provided by which the test clerk can 
prevent the indicator from accepting any new signals 
should he desire to study a display without interruption. If 


pulse 


decoded 
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required, the release guard signal will automatically reset 


the whole indicator on 1: of a call, and thus provide 
continuous monitoring 

Voice Immunity.—As the V.F. signal receivers which 
respond to forward and backward signals are connected 
continuously across the ‘‘go" and “return” pairs of the line 
under observation, an occasional false operation of short 
duration, due to speech, is difficult to avoid. It is therefore 
necessary maditions are established, to dis- 
connect the circuit which responds to short signals, e.g. 
numerical and acknowledgment signals, and reconnect the 
normal line signal decoding circuit 

Manual Control for Fault Tracing.-If a fault develops 
on the Call Progress Indicator, fault localisation is made 
easier if the electronic timing circuits and pulse counting 
relays are operate data Spe ed which can be followed by eye. 

3y using keys mounted near the circuits concerned, the 
1,000 c/s supply is disconnected and pulses can be generated 
manually as slowly as required so that the behaviour of 
various stages of equipment may be observed. Small neon 
tubes in each of the binary counting stages indicate visually 
the number of pulses that have been stored. 

Use as General-Purpose Millisecond-Meter.—The electronic 
timing circuits are suitable for measuring pulses from 
external sources, such as the operate or release lags of relays, 
so a key has been provided to switch the timing circuits to 
input terminals on the rack, and to disconnect all the Call 
Progress Indicator equipment except the timing display 
lamps, and their controlling relays. 


when Speech ¢ 


Design Principles 

The block schematic diagrams (Figs. 2 and 3) illustrate 
the general similarity between the 2 V.F. and 1 V.F. 
Call Progress Indicators. In either case, V.F. receivers 
are connected in parallel with the “go’’ and “return” 
pairs of an international circuit by the insertion of two 
plugs into monitoring jacks on the test desk. One 
receiver controls the signal-measuring and decoding circuits, 
while the other controls a decoding circuit only, so that by 
appropriately inserting the plugs the test clerk can measure 
either forward or backward signals, but can decode all 
signals 

rhe electronic timing circuit uses the principle of counting 
the number of regularly recurring pulses of known length 
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ge ae 1,000 c/s source, with an absolute accuracy of better than 
OE ced, one part in a million, has been chosen so that measurements 
can be made to the nearest millisecond. The arrival of a 

— signal to be measured causes a gate valve to pass a pulse 
—— = aa? _~" - every millisecond from the oscillator to four pairs of count- 
ing valves arranged in binary order (Blocks B, C, D, E in 

Fig. 4). One valve of each pair is normally conducting and 
he other not conducting, and a change in the conducting 
conditions occurs with the registration of every 1-mS pulse 
by the first pair; with every second 1-mS pulse by the second 
pair; with every fourth l-mS pulse by the third pair; and 
with every eighth 1-mS pulse by the fourth pair. As long 
as the signal persists, the valves continue to count the l-mS 
restoring to normal after every tenth pulse, then 



























































ELECT Rone (Le TROM pulses, 


Teens CACUIT ’ «wut , 
fom a = starting afresh. When the valves restore at every tenth 
rms mace millisecond, a pulse is passed to a high-speed relay counting 


























——- soy ~ —~ —mae chain capable of storing nine such pulses. At every 
a Sree hundredth millisecond, the high-speed chain restores and 
fot zap aio passes a pulse to a group of 3,000-type relays, so that signal 
measurements in hundreds and tens of milliseconds ‘are 
stored on relays. The units milliseconds are stored on valves 
vow wend Roe hee t ar a and are transferred by relays to the display when the signal 
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To reduce the amount of maintenance required, uni 
selectors have been sparingly used. Three are necessary as 
numerical digit and acknowledgment signal distributors on 
the 2 V.F. equipment, where provision is made for receiving, 
decoding and storing a maximum of 60 numerical elements 

it 50 mS intervals (i.e. 15 digits). The 1 V.F. equipment 

generated by a free-running oscillator between the instants requires only two uniselectors, in the digit distribution and 
at which the signal to be measured starts and ends. In _—_arythmic code checking circuits 

deciding on a suitable oscillator frequency, the degree of When locating faults on the international equipment, the 

precision required in the signal measurement has had to be test clerk occasionally ‘requires V.F. signals for testing 

weighed against the difficulty of counting the pulses, and a various circuit functions. It would be unsatisfactory to rely 

on incoming..signals for this 

——— purpose, so both 2 V.F. and 

oo, 1 V.F. signal generators have 

. been provided on the Call 

ad e Progress Indicator racks, with 

SRO BINARY 4TH. BINARY their control panels mounted on 

COUNTING STAGE | | (COUNTING STAGE} the trunk test racks. By this 

= a ==} }| Ksoman ro 8) || [Seecan to 8) | | |(seecan To 8) means. the test clerk has all 

f . TRIGGERED TRIGGERED | | | TRIGGERED 


GATE VALVE | | every 208 seny éa8 EVERY Oan8 line signals and some trains of 
a STAGES > | numerical signals immediately 


- available, and if specially strin- 
+ gent tests are required, the 
IST BMARY COUNTING STAGE = | Y length of the signals can be 
TRIGGERED EVERY i mS 
| easily altered at the control 
panel and measured on the Call 
Progress Indicator timing equip 
ment before being put to use 
The 2 V.F. and 1 V.F. signal 
HALF OF DECODING generators are similar and each 


“enn Gane consists of two interconnected 

































































valve timing circuits whose time 
constants can be adjusted by 
remotely situated potentio 
meters. The main difference is 
tay} — that, whereas the 2 V.F. circuit 
has to produce either one or 

sunbathe. cole two elements (prefix and suffix), 
the 1 V.F. generator timing 
| circuit which produces the tone 
elements may have to be used 


}--- TowGH-SPEED twice in rapid succession if the 
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+a signal is of the ‘‘tone-space-tone’ 


OUTPUT STAGE variety. 
; we A mains-driven power unit is 


Fic. 4—Simpuriep Brock Scuemaric DiaG F ELectronic TiminG CIRCUIT FOR mounted on the rack to provide 
MEASURING F. anp 2 V.F. SiGNats 6-3 V A.C. and stabilised + 100V 
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and 100 V D.C. forthe timing circuits and signal generato EVERY Bons 


Voltage regulation is achieved by an arrangement he , 
hot-valve series-pentode type ; 
ty) al senies-pentode type cain , | 4 ads 


| 

> : : | was 100 mS 
Points of Circuit Interest CONTACTS OF eins +-H- __Q— 

Because of the large number of I-mS pulses which J, +—y peoas 

: : ay — 
have to be counted during signal measurement, the = 
chains of relays for counting the tens and hundreds } mz} 
af «TO WC 

of milliseconds are necessarily long, but the circuits 


have been designed to economise in relays wherever ——— P 
possible. For example, 18 high-speed relays in nine two step ; bs WC 
pairs for counting the “tens of milliseconds” pulses, as » wes 
mentioned in the previous sub-section, have been reduced ¢ 

to ten relays by using only four two step pairs with another as ; HAs 


common pair for pulse-dividing (see Fig. §). In this way, the 
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MILLISECONDS (WOT TO SCALE) 


h is energs le-energised by the operation 
the 


Fic. 6. Meruon or Licutine 1 V.F. ‘HUNDREDS OF MILLISECONDS” 
LAMPS 


the “hundreds of milliseconds” pulses (of 5 mS duration 
every 100 mS), a common high-speed relay operates on 
each pulse, then locks to maintain an operating path for a 
chain of 3,000-type relays until full operation of the first of 
these releases the high speed relay. Flux reversal in the 
high-speed relay ensures its release if it has not already done 
so during the transit time of the 3,000-type relay changeover 
contact. Three “hundreds of milliseconds” counting chains 
using this circuit require only 21 relays for counting seven, 
four and seven pulses respectively 
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| MeenTs | kiGHTS | 
7) 4 : 
MILLISECONDS OUTGOING OBSERVATION EQUIPMENT 
Mein  Licntine “TeNS oF MILLIsECON aM Chis equipment (Fig. 7), which works on the exchange 
Por perk Retays PA, PB, anp Two P 50 V negative and positive supplies, has been mounted on a 
COUNTING RELAY rack in the switchroom in which the international semi- 
automatic calls are handled, and for that reason has been 
ondition of the two-step pairs indicates the signal length to made noiseless in operation by use of relays and valves. It 
the nearest 20 mS, which ts subdivided by the pulse-dividet provides operating information, on a lamp display, to an 
relays to the nearest 10 mS observation operator at a switchboard position adjacent 
When the | VLE hundreds of milliseconds’ counting to, and sharing the same multiple as, the regular operating 
circuit was being designed, the original intention was to use positions. The following facilities are provided 
the same circuit as in the 2 V.F. case, but the | V.F. equip 
ment requires three counting chains, all longer than the two eoasmenen 
used in the 2 V.F. equipment. The circuit was, therefore OPERATORS 
changed, with the result that 35 less relays were required 1 one he | 
and a simple method of operating 3,000-type relays, with an 
pperate lag of 25 mS approximately, from short pulses of 
ibout 5 mS was introduced. In the 2 V.F. case 
relays arranged in two-step pairs were used with 3,000-ty 
} lreds 4) 


et relay partly to keep the “tens” and “hund 


lhseconds’’ counting circuits identical, but chietly be 


























the operating pulses, although occurring at l0O-mS inte 
were too short to oper ite SALLLB OSE. relay direct] 











lay arrangement did not appear unduly comph 
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44) mS); but for | V.F. signals, consisting of thr lem POSITION | RACK EQUIPMENT 
of which two could reach 700 mS, the number ‘ f 











uunting the hundreds of milliseconds” alon " . HEY 7 ' OING OBSERVATION 
totalled 56. With the circuit, shown in Fig 
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roduc 
Listeniz 
call and subseq lent 

The observation operator 
connecting the observatior 
international circuit In parall 
the operator who 1s sett 
to different potentials, are « 
plug for detecting the r 
visory’’ conditions respectively 
to the tip and ring conductors for det g t vari 
combinations of light and heavy positiy nd negative 
potential which actuate the sender when t oper r keys 
the internationak number. These valves i t the 
potentials which are returned n the send operate 
the display which informs the operator of the route chosen 
by the automatic apparatus. An amplifier also is connected 
to the tip and ring wires so that the observation operator 
can listen on the circuit with negligible effect on line 
transmission, and by using a stop-watch, may obtain useful 
traffic data on international semi-automatic working at 
the originating point 


INCOMING OBSERVATION | 


quipment tor u in U 1uto 


wer 
d-gilass 


This is a transportable « 
matic apparatus room, and displays on 


screen the numerical digits pulsed out to the local network 

when an incoming international call is being est 

The facilities provided by this equipment, which also 

works on the exchange 50 V neg l 

make wr ‘‘break”’ pulses by 
i 


tablished 


usned 


ative supply, are asi 


lows 

Detection of trains of 
a valve-tapping circuit, without 
conditions in any way 

Storage and display of the numerical digits thus 
detected. 

Lamp indication when the called subscriber answers or 


iffecting impulsing 


clears. 
Automatic cancellation of the display when a new 
incoming call is received 
The display and selector train can be held for fault- 
tracing if required 
A listening circuit is provided to enable the user to 
check that conversation has been satisfactorily 
established 
rhe display is arrested if an open trunk or reversal is 
encountered between the impulsing source and the 
first transmission bridge, thus materially assisting 
in localising such faults 
The equipment contains a valve cir hich responds 
to the changes of potential on the negative wire during 
impulsing between the incoming reg nd the selectors 
in the national network. The impul hus detected are 


Book Review 


“Thermionic Valves.”"”’ W. H. Aldou 
and Sir Edward Appleton, I 
London. 160 pp. 98 ill. 9s 

The rapid development in the s 
has made it difficult for the engineer 

in this sphere of knowledge The | 

fulfils the need for an up-to-date 

the theory and application of vacuum 

requirement that it should be of use t 

physics who has not made a special 

phenomena.” Its clear, straightforward 


ibuted by 3,000-type relays to 600-type storage relays 
which help to make the equipment compact. The required 
subscriber's number is pulsed out from the incoming register 
the form of trains of make impulses, which are converted 
by an auto-to-auto relay set into break impulses for 
perating the local selectors. The observation equipment 
in if required be connected to either side of the relay set 
nd will accept make or break impulses by operating a key 
appropriately; thus, observations can be taken either on a 
particular international line, or on a particular selector 
If it is required to check the output from some impulsing 
irce not connected to an impulsing relay, a key may be 
d to replace the valve circuit by a suitably terminated 
which responds directly to the loop/disconnect 


impulses 


CONCLUSIONS 

Since the international equipment was brought into 
service, the 2 V.F. Call Progress Indicator has been used 
for long periods and its precision measurements have helped 
to trace several faults due to incorrect length of signal 
element, which otherwise might have proved difficult to 
locate 

As many facilities as possible have been provided but, to 
achieve reasonable circuit simplicity, several economies 
have been made, such as the provision of only sufficient 
equipment for measuring either forward or backward signals 
but not both at once. Also, in the 2 V.F. case, a substantial 
saving of equipment was possible by not measuring the 
numerical acknowledgment signals, whose maximum 
length is relatively unimportant, and which, if too short, 
immediately announce the fact by interrupting the numeri- 
cal display. 

A traffic observer using a stop-watch with the outgoing 
observation equipment has already obtained useful traffic 
data, including for example the setting-up and clearing 
times of the international automatic calls, while operators 
under training have been helped by seeing the results of their 
keying appear as a display of numerical digits. The 
incoming observation equipment has satisfactorily displayed 
many trains of digits without attention, and in the case of 
an occasional misrouted call, has prevented much fruitless 
search by indicating whether the international equipment 
or the national network was at fault. It has also been 
used extensively and found valuable in testing equipment 
for national trunk mechanisation. 
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ppeal to the engineer who finds that a return to fundamental 
principles 1s necessary 
The brevity of treatment is compensated for by the inclusion 
f a comprehensive bibliography, from which further informa 
tion can be sought. The chapters on valves for use at ultra-high 
frequencies introduces the basic principles of electron transit 
time effects and the utilisation of these in valves such as 
Klystr Magnetron, etc 
The book is an excellent foundation for a serious study of 
ium tubes and a useful addition to the student's library 
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A Combining Unit for Superimposing Two 
Television Pictures on the Same Cathode 
Ray Tube 


D. WRAY, 8.5c. (Eng.), AM.LEE.T 


U.D.C. 621.397.62 : 621.397.82 


Apparatus is described which can combine a television signal with any other waveform to give the visual effect of the two signals simul- 

taneously, without the picture losing synchronism. This can be used to simulate the effect of various types of interference on television 

pictures; if the equipment is employed to display a picture after transmission superimposed on the original picture, the delay of the 
system is demonstrated by the displacement between the two pictures. 


Introduction 


I is often useful to have available for 
photographs illustrating the many different 
television distortion and interference that can 

time to time. The process of photographic reproduc 

iltering the contrast range of the original picture 

printing the image on a very much reduced scale, ha 
effect of masking the visual effect of most forms of inter 
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) | 
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Fic IRI ADDITION OF Two SIGNALS 


These undesirable consequences of direct addition can be 


ference, and it has been found necessary to inject interference 

it a high level into an interference-free television signal to 

achieve a distinctive result This injected interference is 

often sufficient to disturb the synchronism of the picture, so 

producing a valueless photograph. Another requirement ts 

an illustration of two superimposed pictures with a short \ . 

delay between them to simulate the effect of reflections on — } 1} 

a received picture. In this case direct addition of the two ee 

signals (the original and the delayed) does not give a / 

satisfactory result, for the picture monitor fails to synchro 

nise on the confused mixture of two sets of synchronising 

pulses, each distorted by the presence of the other p j { if 
A unit has been made which can combine a television 

waveform with any other waveform (e.g. an interfering 

signal, or another television signal, or the same signal delayed 

in time), combining the visual effect of both signals, but 

without the original picture losing synchronism. Since such 

i device can be used to superimpose two television pictures 

which are identical except for the time delay between them, 

the sent and received signal over a long-distance television 

looped transmission system can be displayed simultaneously 

the delay between the signals is then evident in the displace 

ment of one picture relative to the other 


Requirements 


In the following description the interfering signal ha 
been taken to be another television signal identical to the 
onginal but delayed in time; the arguments hold good 
however, tor all types of interfering signal 

\ train of television line wavetorms, after reflection or 
passing through a looped transmission system, is delayed bya 
time which is not, in general, an integral multiple of the line 
period, For example, the first line waveform in the picture 
may, after transmission, correspond in time to the middle of 
say, the ath line of the original, and should these two wave 
be added directly without any modification, the effect 
rhe unusual picture wave- 


forms 
would be as illustrated in Fig. 1. 
form has been chosen to emphasise two disadvantages that 
would attend the direct addition of the two signals The 
first is that, should the synchronising pulse of the d layed 
gnal correspond to a period of black level in the omgin 
pulse would appear in the 

wavet } as é lhe second eftect ts that any 
| im the delayed picture it the same 

Ise in the orginal will add to an 

b If ether of these two effects i 


DUrIOUSs 


sation of the display monitor wall be 


neer, Radio Exper 


overcome by clipping the synchronising pulses from .the 
delayed signal, whereupon no spurious synchronising pulse 
is introduced into the combined waveform ; and by blanking 
the delayed signal for a period corresponding to the 
svnchronising pulse in the original waveform, distortion of 
the desired synchronising pulses in the final signal is avoided. 
This is shown in Fig. 2. When the interference is a waveform 
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form from Channel 1 ; and the inverted and clipped picture 

from Channel 3. The amplitudes of these three 

nts can be controlled by potentiometers in the 

! ircuits of the cathode-follower stages whic! 
minate each channel thus enabling the picture-t 

hr .g-signal ratio in the composite signal to be set 

standard ratio used in the British televisior 

system ie combined signal is then amplified (and 

nverted 'y a pentode amplifying stage and delivered 
rough a cathode follower stage at 1V D.A.P. into 

75 ohm load 

It is important to realise that in each channel the circuit 

from the d.c.-restoring crystal valves to the tinal mixing 

network is D.C.-coupled, so the average D.C. levels of the 

two signals in the combined output waveform do not vary 


to black 


relative to each other as the picture content changes. This 
prevents the picture wavelorm from sinking into the 


MOER [t\-. porp [1 CATHODE lacker than black’ region during scenes of high average 
1h FO . 
rT 4 tness—an effect which would disturb the synchror 


he monitor 


is 


combining unit has been used extensively to super 

“ Various torms o! interlerence on to television 
pictures ; photographs of these pictures then assist officers 
to recognise any particular interference and to trace it to 
its source. A photograph of a television picture mixed with 
an audio waveform, simulating the visual effects of ‘sound 


break-in,’ is shown in Fig. 4; the combination of the two 


the 
nsidered as consistin 
with 1) the blanking 
lelayed signal, (2) the sy 
signal, and (3) the picture 
yutputs from these three 
amplified in a common ot 
Considering Channel 2 fu 
a pentode amplifying 
action of a crystal v 
of d.c. restoration kee; 
pulses at a constant voltag 
the picture content of the 
circuit clips off the picture 
resulting 
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both to Channel 
delayed signal, and 

follower into a 1,000-oh1 


ec 


The interfering or 
Channel 1, where it 
ind then fed into a doubk 
Stage The other signal int 


positive-going synchronising 
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forms was effected by the combining unit. The unit 

The combined waveform acr« ilarly useful when the interfering signal is anothet 
of the mixer valve is therefore the interfering } ire wave \ n waveform (such as an echo signal) for the clippi 
form, inverted in phase, blanked out | nal sigi DI ss removes the synchronising pulses of the dela 
synchronising pulses. Thi my te nal pp sign n | 


prevents false triggering of the monitor 
black level and passed throu 


] / 
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1,000-olim mixing network e inte ri nal , I ymibining unit 1 1 1 when Sir Archibald Gill 


television waveform the clipper will remove bot his presidential add titution 
ichronising pulses and any iperfluou nki } ! eers, demonstrated in public for the 
ignal to Channel 3 n t nput as I m n of 


televisiol nctures over 


but is separately amplit I mdon-Birmingham-London. A photograph 
5 loop and superin 
big The amount of vertical 


ircuit removes th \ Iror he ifter transmission round 


f course, depen 1 both o1 


nsmussion path 
monitor. In th 
nore nately | 
pproximately I 
ana t 
lisplacement of about 274 line 
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for the interposed line ot th er I ysten wa ren realise " 1c delay of the system 
rd photograph, Fig. 6, the signal has tra d wa f cour remaining constant, but that the line 
London-Holme Moss-London i HStance I req ncy na I t inning speed, of the display 
niles, giving a displacement between the pictures of abo monitor was changu i result of variations in the mains 
oh line this is equivalent to a delay of 2-71 econd upply ncy the picture source 
since either picture waveforms can be controlled in 
amplitude independently of the synchronising pulses, the 
fit t faded” up or down to 
id horizontal shifting of the displaced picture by as much increase the impact of the demonstration. 
is one-fifth of the horizontal line scan. This is apparently rhe unit has been found to be 
equivalent to a change of between 10 and 20 microseconds television laboratory equipment, and has proved to be very 
ind no mechanism could be thought of which would cause a effective when demonstrating the long-distance transmission 
large and rapid alteration in the delay of a transmissio: of television signals 


One phenomenon which has been observed wl 
ctures are transmitted round a long cablk 
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ich caused considerable speculation when first noticed original or delayed picture can be 


a useful addition to 


A 30-cwt. Transportable Gantry 


t was decided in 1948 that some form of transportable 
crane or gantry on wheels would provide at a much reduced 
cost all the lifting facilities required of the conventio 
verhead travelling crane as formerly fitted in_ the 
ms of the larger exchanges and repeater station 
ntry illustrated was therefore designed in the Engi 
Office, Power Branch, and 20 were ordere 
» Regions 





intry to be easily transportable from « 


ther and for easy access to power room 
in three main parts, 1 tl 


i two verti 

the top cross member, whi | 
t g-in. fitted bolt he three 

wht lorry and the gantry can 





ily and quickly in power r 
ot hannel ind l 
ver possible to reduce the 
il ball be iriny 


1 to lft a maximum | 
it works with a load of 45 cwt 
10 tt. high, 8 ft. 6 in. wide and 
m lift of 3 roximately 7 {t. 6u 
intry can be run 

in width 











A Telephone Transmission Reference 
Circuit using Adjustable Interruption D. L. RICHARDS 
Distortion and J. N. SHEARME+ 


94 


Some methods of telephone transmission are being investigated which subject speech signals to various types of non-linear distortion 

The assessment of the usefulness of such systems is most easily made in terms of a reference circuit in which a distortion 

similar to non-linear distortion provides the adjustable degradation. This article describes a reference circuit which has been used for 
this purpose 
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Telephony (2 vols.) 
By J. Atkinson, A.M.1.E.E Area Enginec Post Office 
Enginecring Department A standard textbook for Post 
Office engineers and students. With over 1,500 illustrations 
Vol. | (General Principles and Manual Exchange Systems) 
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Principles 
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XFY 32 


Beam Tetrode 
Sub-Miniature Output Valve 


TYPICAL OPERATION 
Filament Voltage 1.25 1.25 1.25 V. 
Filament Current 12.5 125 12.5 mA. 
H.T. Voltage 16.25 22.5 30 V. 
Control Grid Voltage 0 «—-1:5 -2.75 V. 
6.0 mW. 





Power Output ° 2.7 


num Cross-sec tron 
m gloss length 


filament current 


These features, im conjunc 
tron with che high efficiency 
of the XFY32 permit stil 
greater saving in space whist 
maintaining exceptionally 


fine performance 
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A MULTI-ELECTRODE 
COLD-CATHODE 
COUNTING TUBE 
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TELEPHONES LTD. 
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MAGNETIC MATERIALS Extensive 
research and manufacturing facilities have established 
Mullard as the leading producers of magnetic materials. 
They were the first, for example, to introduce Ferroxcube, the 
world’s most efficient magnetic ferrite; ‘ Ticonal’ anisotropic 
permanent magnets, renowned for their high stability and high 
energy output; and Ferroxdure, an entirely new type of 
permanent magnet with the insulating properties of a ceramic 
The wealth of experience gained from these developments is 
available to all users of magnetic materials through the Mullard 
advisory service. An enquiry to the address below will put a 
team of specialised engineers at your disposal. 


Mullard 


*TICONAL’ PERMANENT MAGNETS - FERROXDURE PERMANENT MAGNETS 
FERROXCUBE MAGNETIC CORE MATERIAL 


OMPONENT DIVISION, CENTURY MOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 





at 
| PAINTON 
nd : 


ff} f f) 4 
hy Va tntment Ce Nhe V¢efr LAL mal Onginer y 


MULTI-CONTACT PLUGS AND SOCKETS 


Rating: 5 Amps./S00 volts Silver-plated Beryllium-Copper contacts 
From 2 way 33 way types available, with alternative mountings and cover facilities 


PAINTON 
Noithampton Cngland 
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WILL BE MAILED FREE 
TO ANY PART OF THE WORLD 
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A compact through- 
» supergroup filter 


* 


4 DESIGNED FOR QUANTITY PRODUCTION 


THE Mullard Through-Supergroup Filter, GTF.100, is 
designed for manufacture by normal quantity production 
methods. Conventional condensers and coils with Ferroxcube 
pres are used throughout. As a result, it is.available at a 
comparatively low price. The necessary amplifiers have been 
incorporated in the design, so that the Filter is complete 
on a single 19-inch panel which is only 12} i high. 
In both design and performance the GTF.100 fully meets 
the rigorous specifications necessary for filters that must 
i separate supergroups in the frequency allo- 
cation standardised by the C.C.i.F. 
details of the Mullard Through. | 
Supe Filter are available on request, — 
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Mullard Ltd., Equipment Div., Century House, Shaftesbury Avenue, W.C.2 
MLQO3A) 














With forty-eight impedance steps from 2.52 to 
20,4000 for balanced inputs —and a similar number 
for unbalanced at one-quarter the impedance — the 
instrument is ideal for optimum load matching. 
['wo important design features play a great part in 
this meter’s excellent performance over so wide a 
range of impedance. First, the use of a resistance 
network* to select the significant figures of the input 
impedance value. Second, decade multiplication 


of impedance by a transformer with a wound-strip 


core ol anisotropy alloy. * Brit. Pat. 644,944 


AUDIO FREQUENCY OUTPUT POWER METER TF893 


Power : 

20;4W to 10W in five ranges 
RANGE impedance : 

0.6252 to 20,000 

Frequency : 

Practically flat response over 

range exceeding 500:1 


MARCONI instRuMENTS 


+ BEAT FREQUENCY OSCILLATOR 


MARCONI INSTRUMENTS LIMITED - ST. ALBANS - HERTS TELEPHONE: ST. ALBANS 6161/7 


Midiand Office: 19 The Parade, Leamington Spa. = Northern Office: 30 Albion Screet, Hull Export Office: Marconi House, Strand, London, W.C2 








I rom A | t O nN go batteries to power stations all over the world. Batteries, as their 


distant users tell us, that possess a certain distinctive merit all their own. Surprising, in these days 
of uniformity and standardisation? But Alton, in such an age, is perhaps a surprising place. Alton’s 
a small country town, with a friendly, satisfying life of its own. A natural place unchanged, un- 
spoiled, where the surrounding streams run down through lovely and varied country to feed the 


river Itchen pictured below. Where a man at leisure can follow his bent, be it sport or hobby or 


just plain peace of mind. Where a life worth living, a job worth doing are any man’s natural 


right : and pride in himself and the work of his hands is a wholly natural consequence 


BATTERIES OF MERIT 


Alton stationary batteries: 10 to 15,000 Ah. Also in regular 


production, renewal plates for ali makes of battery, British and Continental 
ALIA 


The Alcon Battery Company Limited Alton Hants Telephone: Alton 2267 and 2268 Telegrams: Battery, Alton 








MARCONI communication 


systems 


serve mankind 


Betore Gughelmo Marconi’s invention of 
wireless, a ship out of sight of land was 
literally cut off from the world. Today you 


can, in a matter of minutes, contact a ship 


SURVEYED 


MARCONI'S WIRELESS TELEGRAPH COMPANY LTD 


PLANNED 


in mid-Atlantic. Such ts the measure of his 
service to communications and safety at sea 
Such too, is the measure of his ideals, 


which still inspire the Company he founded 


INSTALLED 


CHELMSFORD ESSEX 





DUBILIER cs 


DIELECTRIC 
CAPACITORS 


Eminently Suitable for 


H.F, Transmitting and 


R.F. Heating Circuits 


Makers of the first and of 

the largest Mica Capacitors 

in the world, Dubiher have 
maintained the lead in this important branch of capacitor 
engineering 
Phe example illustrated is a solid filled mica dielectric capacitor 
in a low loss moulded phenolic resin container. It is designed for 
use on medium D.C. voltages, with a small superimposed R-F 
current, or as the tank circuit capacitor in low power medium and 
long wave transmitting equipment. 


Full details of capacitance values and ratings are available on 


UBILIER 


CAPACITORS 


DUBILIER CONDENSER CO. (1925) LTD.. OUCON WORKS, VICTORIA RD., NORTH ACTON, W.3. 


Phone: Acorn 224i (5 lines). Cables: Hivoltcon, London Marcon: International Code Grams: Hivoltcon, Wesphone, London. 
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ANOTHER STROWGER EXCHANGE 


AUTOMATIC EXCHANGE is one of the 
be commissioned by the British Post 


the London Director network. Direct 


’ 


facilities are provided for a maximum | 
subscribers to 185 exchanges and 
in the area. 
subscriber's line equipment the type 352A 
MM) tw oO selector is the selecting mechanism and 
he facilities which many years’ operational 


experi - the simple straight-forward st tu by-step 


principle eristic of the Strowger svstem has been retained. 


Permec “ irk IT this selector to-day embodies all the qualities of 


nt and offers the most suitable basis for automati 


Progressi\ 


telephone Its simplicity, economy, reliability, and ease of 


mamtenanee principal appeal to te lephon administi ion. 


in all parts 


Automatic Telephone & Electric Co. Ltd. 


Arundel “treet. London, WV 


Telephone: 1h. Mple Bar 4 ( ablegram. trowgerex, London Strowger Works. Liverpool, bngland 


17 H1-AA 
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In operation it is fully automatic, but there is nothing automatic about its mainten- 


ance. Only man-hours expended by skilled personnel will guarantee efficient maintenance. 
Since the virtues and failings of a telephone system must depend ultimately on the ease or 
difficulty of maintenance, the G.E.C., after years of research, has re-designed apparatus used 
in the Strowger system, to obtain greater reliability, maximum ease of adjustment and instant 
accessibility. The results are now apparent in the new G.E.C. two-motion selectors, the 
heavy- and light-duty uniselectors and the trigger dial. All of them can now be maintained 
with much less skill and in much less time than ever before. Combined with the electrical 
simplicity exclusive to the Strowger system, these components mean that automatic exchanges 


manufactured by the G.E.C. are the most valuable investment an Administration can make. 





CLOSE FITTING and grooved number ring excludes 
dust from the front. 


Transparent rear cover available for dusty locations 


FRONTAL APPEARANCE enhanced by highly 
polished stainless steel finger-plate of light and 
durable construction 


IMPULSE RATIO 
closely controlled by a 
precision-made impulse 
wheel actuating an 
articulated trigger. 


(a) Ensuring positive ac- 
tion. 


(6) Giving maximum pre 
impulsing delay. 


(c) Eliminating clipped or 
spurious impulses. 


Adverse effect on ratio 
due to any wear on im- 
pulsing parts is offset by 
wear on contacts 

Known contact gap sim- 
plifies ratio setting on 
site 


through : 
ing worm wheel 


of fine fabric laminated lastic. 
Finely finished governor worm. weights and cup 


Full particulars are given 
in Leaflet DSL I 
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The type VMS Broadband V.H.F. radio equipment 

has been designed to overcome the tele- 

communications problem existing in areas where 

the provision of landlines for trunk communications 

is impracticable or uneconomical. 

Operating in the V.H.F. band, the system caters 

for the transmission of up to 36 telephone channels 

to C.C.LF. standards. When used in conjunction 

with VMR repeater equipment links up to several 

hundred miles in length can be established. 

VMS VMR equipment has been planned on the basis of maximum accessibility 

to simplify maintenance; the sub-unit construction employed facilitates fault 

localisation, and permits the rapid replacement of defective units by 

semi-skilled staff. 

4.T.M. engineers are always prepared to study your problems, and to 

recommend the most suitable equipment for your complete system from the comprehensive range of 
4.T.M. products, which includes channelling equipment of all types and other essential V.H.F. radio 
items, such as aerials, filters, automatic changeover gear, towers and feeder cables. In addition, 
specially equipped teams are available to conduct field surveys in any part of the world 

to ascertain the most suitable equipment and station sites for any project. 


AUTOMATIC TELEPHONE & ELECTRIC CO. LTD., 


R & T. DIVISION, STROWGER HOUSE, ARUNDEL STREET, LONDON, W.C.2 
Telephone: TEMple Bar 9262. Cablegrams: Strowgerex, London. 
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Switching 


Apparatus 


TYPE 89 HIGH-SPEED 
RELAY with 
single changeover 


TYPE 100 HIGH-SPEED RELAY 
with double changeover action 
MOTOR UNISELECTOR 
operates at 200 steps 
per second 


Ihe apparatus shown ha 
carned a reputation for hig! 
etheirency, long lite and low 


fault lability, and is em 4 
; THE DIGIT SWITCH 
: ; for marking outlets 
ployed in the Company's 5 ant Gop ieee tn 0 
distributor 


No. IZ M.LA.X. System 


Mioter Uniseleetor Auto Trunk Schemes 


SIEMENS BROTHERS & CO.,LIMITED 


WOOLWICH + LONDON > S.E.18. 
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Bb Desk-Fax is a simple 
electronic instrument for 


transmitting and receiving written mess- 


ages between remote locations. 


Handwriting, typewritten matter and sketches are re- 


produced with equal facility and the highest fidelity. 


It is only necessary to wrap the message around a cylinder and press a 


button. Transmission takes only two minutes. 
The Desk-Fax does not make errors. 


It’s small, it’s fast, it’s silent in operation and it's dependable. 


reed & Company Limited Ma Thai pea ae 
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Vestigial sideband 
terminal equipment | 


Special large tube coaxial 


= 
television cable 
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Television tound | 


| cramsemetter 
t ma 


cr — ——, Pos 
Coamial television cable 
including sections of 
Standard cable 


Vestigval »deband 
terminal equipmen 


The G.P.O. television network 

showing links supplied by 

Standard Telephones and Cables 
Limited 


GT Standard Telephones 
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Standard's wide resources, their 
long experience in the design 
and manufacture of systems and 
equipment for telecommunica- 
tions and control have enabled 
them to produce an extensive 
range of apparatus for use in all 
parts of the world. 


These resources and experience 
are at your service, either for the 
systems listed or for their 
development to meet specific 
needs, as well as for the supply 
of equipment, materials and com- 
ponents including :— 


Power Factor Correction 
Capacitors 


Magnetic alloys 

SenTerCel Selenium Rectifiers 
Thermionic Valves 

Quartz crystals 





Standard systems include: 


Te epnone 


Telegraph 

Teleprinte: 

Radio Broad« asting 
Radio Communicatio 
Radio Navigatior 
sound Reproductix 
Remote Control 
Remote Indicatior 
Telemetering 

Railway Signalling 
Railway Control 

Power Cable 
Communication Cabie 
Airfield Lighting Contro 
Street Lighting Contro! 
Fire Alarm 

Totalisator 

Public Indicator 


Signalling (Office and Factory 


and Cables Limited 








CARPENTER 


POLARIZED 


RELAY ‘;* 


The chief characteristics of this relay are low transit time — high 
contact pressure — freedom from contact chatter and positional error _ 
high sensitivity — stability —symmetrical action—and ease of 

}hustment 


On V.F. dialling systems its use facilitates the design of sensitive 
ceiving equipment, and on trunk telephone circuits the relay’s high 
ensitivity enables it to respond to D.C. dialled impulses received over 
nrepeatered trunk lines of up to 100 miles long 


t 


particularly suitable as an impulse accepting relay when a 
of signal distortion is imperative, and because of the excellent 
ction and absence of contact chatter the relay is 


,900T 1 : pe eames the selector magnets in teleprinter automatic 

{OOK tain 

3000T “) hen the contact gap is adjusted to 0.004 in. nominal, without serious 

,0ORn bias disturbance. It can be left connected to line whilst awaiting a 
learing signal, there being little distortion of through signals since the 
tal leak can be of the order of 10,000 ohms 


3 h lay responds satisfactorily to frequencies up to 100 c/s, 


onally the relay is interchangeable with the * 3000" type 
rminations can either be made by means of a 12-pin plug base 
ited, or with soldering tags in place of the pins. Protection is 
nagnetic screen and a transparent cap which is removable 
justments Complete details supplied on request. 
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COL WINDERS 


depict { or rectangular coils up to 6 in. each u 


Fully Automatic ength and up to 44 in. diameter. As 

ally developed fo many as 12 smaller coils can be wound 
luction of large qua imultaneously within the total available 

th or without paper inter winding length of 15 in. at headstock 
yroduce round ure speeds of between 600 and 2,000 r.p.m 


Our new Cata- 
logue is now ready, 
and a copy will be 
sent to interested 
execuiives on ap- 
plication 


AUTOMATIC CO! 





WINDER NOUSE- DOUGLAS STREET - LONDON - 5S.W.1 lesephone: V/CTORIA 3404/9 








Motordriven, 1}0/220 volts A. C., espe- 


cially designed for radio schools 


Special design of printing wheel gives 
very distinct record and absence of ink 


ing troubles 


XX «Write for comprebensive catalogue. 
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CKBRIDGE 


ompony Limited 


KELVIN WORKS, HACKBRIDGE, SURREY 
In Association with BRYCE ELECTRIC CONSTRUCTION CO. LTD. 


Branches at BIRMINGHAM, BRISTOL, CARDIFF, MANCHESTER, NEWCASTLE, SHEFFIELD 
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Franklin’» famous kite demonstration in 1752 proving that electricity was discharged 
from and collected by points, quickly opened the way for the exploration and control 
of this then new force. Now, two centuries later, Westinghouse have perfected the 

RECTIFICATION Metal Rectifier for the conversion of current and its introduction has found a demand 
in hundreds of aspects of the electrical industry. Among Westinghouse rectifier 
variations are the copper-oxide rectifier and the Westalite selenium compound single 
double and quadruple voltage rectifiers and germanium crystal diodes. Westinghc use 
experience and engineers are available on ail rectifier problems and rarticularly for 
applications not already provided for through the extensive range of 


nar METAL RECTIFIERS 


Dept. P.0.1, WISTINGHOUSE BRAKE & SIGNAL CO., LTD., 62 YORK WAY, KING'S CROSS, LONDON, N.1 








Electrical Standards for 


Research and Industry 
Testing and Measuring Apparatus 

DIRECT READING for Communication Engineering 
VARIABLE CONDENSERS 


WITH NOVEL AIR CAPACITANCE 
DECADE RANGE EXTENSION 


SULLIVAN & GRIFFITHS 


This air dielectric condenser comprises a decade of Qe 
air capacitance and a continuously variable air condenser 

thus giving a scale accuracy ten times that of an ordinary 
variable condenser of the same range. 


Thus a decade of capacitance is provided—permanent in 
value and euvely free from bey the only loss present in 
the ¢ of decade and variable con- 
denser being that due to the solid insulating material 
which is ordinarily employed in the construction of the 
latter. 





The variable condenser has a range of !00upF which is 

extended to 1100,uF by ten increments of 100uuF, all 

adjusted with accuracy so that the decade is absolutely 

direct reading In yuF, no corrections or calibration being LIST No. C 880 
necessary 








______H. W. SULLIVAN, LTD., LONDON, S.E.15. 
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P OWER behind the lines 


TUNGSTONE PLANTE CELLS are being supplied to the British Post 
Office and Post and Telegraph Departments in many countries overseas. 
They conform fully to G.P.O. Standard specifications. 


OPEN TYPE CELLS ENCLOSED TYPE CELLS 

Similar to the illustration here, these As illustrated on the left these are in 
are available in glass and/or lead lined moulded glass boxes with sealed-in lid 
wooden boxes in capacities from 100 a.h Capacity range from 10 a.h. to 200 a.h. 
to SS ae WIGM VOLTAGE TELEPHONE BATTERIES 
REPLATALS Portable Type. Standard layout for 
We are in a position to supply plates SO volts, in waxed hardwood crates, 
for the replating of any existing Plante exactly to the requirements of the 
Battery | GP.O 





cable or write their enquiries for batteries or 


come at our offices (just off Fleet Street) 


UNG STONE | Batteries 


For further particulars write: TUNGSTONE PRODUCTS LIMITED 


10 SALISBURY SQUARE LONDON —€.c.4 ENGLAND Cables: “ Ditutum” London 
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THULE LLL LT ae 


% an impulse sender for Routiners and Testers Va 


The illustration shows the new No. 9A impulse machine which operates with 
a speed and frequency accuracy of 0.5%, with an input voltage range of 46 to 
52 volts. It provides 12 impulses per second in trains of 9 and |1, 8 and 9, 
and | and 10 impulses with 80°., 66.6%, or 50”, break. The spring contacts 


operate without bounce. Their accuracy Is visibly verifiable on graduated dials 


WALTER JONES &. Co(Engineers) Ltd 


NEWLANDS PARK: SYDENHAM - LONDON - SE 26 
TEL: SYDenham 6264 


AUTOMATIC VOLTAGE 
REGULATORS by B.P.T 


Maintaining a constant voltage unaffected by variation 

in the supply voltage, frequency, load and load power 

factor is a problem which can be solved by the aid of our 

standard range of Automatic Voltage Regulators. For 

single phase operation there are 11 models from 124 to 

240 amps, for three-phase there are 13 models from 

74 to 1§0 amps. 

Three typical models are illustrated from our standard 

range of wall or floor mounting types. 

TOP 3-phase, air cooled, wall mounting model. Input 440V 
10%, output 440V 1). 74 amps. 

LEFT 3-phase, air cooled, floor mounting (cubicle) model. Input 
440V 10%, output 440V 1%. 40 amps 

RIGHT Single-phase, air cooled, wall mounting model. Input 
250V 15%, Output 250V 1%. 2§ amps 


Please write for further information and literature. ®°#1/9 





BRITISH POWER TRANSFORMER CO. LTD. 


Phone: HOWard 1492 QUEENSWAY, PONDERS END, MIDDLESEX Grams: “ Vitrohm Enfield” 


BP.4011-AN 








PROTECTION UNDER WATER! 


The pipe in she photograph is one of many which have Deer Denso-protected prior 
to placing water—in this | nstance Lake Zurich. 

Of a diameter of 350 mm., individual lengths of 50-60 metres were assembled on 
the bank, floated into position and sunk. 

Necessary joints were made by a diver and then Denso-procected. 

The photograph shows the Denso tape actually being applied. 

Whether used under water, below or above ground, Denso—an anti-corrosive of 
proved ability—provides 3 protection which is full and lasting. Ita ‘‘cold’’ application 
greatly reduces time and labeur costs—an important considerauon! 


on request from: 


WINN & COALES LIMITED 


DENSO HOUSE, CHAPEL ROAD, LONDON, S.E.27 
Telephone: GiPsy Hill 4247/8. London 


Telegrams: Denselte, VWestnor 


| 


| 





SOUND INSTRUCTION 
by Postal Method 


The L.C.S., Meare geet the world devoted to spare-time 
training by the tal method, offers you highly specialised 
Courses for the ig examinations: 

P.M.G. Certificates for Wireless Operators. 

Cc. & G. Mumination Engineering (Inter.) 

C. & G. Electrical Engineering Practice, Instal- 
lation and Telecommunications. 


Graduateship of the B.I.R.E. 
C. & G. Radio Servicing Certificate (R.T.E.B.) 
1.C.S. E. judents ave coached till successful, 

Other Courses meet the requirements of all who desire to 
qualify for responsible positions in Electric Power, Illumination, 
Heating and Traction Systems. Equally ‘uccessful is our 
instruction for Radio neers, Radio Servicemen, and in 
Elementary Radar and Electronics, Advanced Short-Wave 
Radio and Television Technology. 

Fees are moderate and include ail books 

WRITE FOR OUR FREE BOOKLET and state the 
particular subject or Examination in which you are interested. 

Generous Discount to H.M. Forces. 
~~. FOU MAY USB THIS COUPON. 


International ce Schools Ltd. 
Dept. 165A, International Buildings, Kingsway, Londen, W.C.2 
Please send me, free of chorge, your special 

















<> 


second for full screen deflection. 


over whole frequency range. 
eB 


Automatic Brilliance Control Circuit. 


Ful! details of this or any other Airmec equipment will be provided upon request. 


AIRMEC LIMITED 


()SEILLOSCOPE -Type 723 


Y Amplifier response flat from D.C. to 5 Me/s. 
No overloading occurs with full screen deflection 
over complete frequency range at 2 kV E.H.T. 
Variable E.H.T. voltages of 1, 2 and 4 kV. 

Time base range from 0°5 seconds to 1 micro- 


A 1 em. deflection ensures rigid synchronisation 








HIGH WYCOMBE * BUCKINGHAMSHIRE *‘ ENGLAND 
TEL: HIGH WYCOMBE 2060 CABLES: AIRMEC HIGH WYCOMBE 
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TELEPHONE DISTRIBUTION 
EQUIPMENT 

ENGINEERS WHO ARE INTERESTED 

IN TELEPHONE DISTRIBUTION EQUIP- 

MENT ARE INVITED TO REQUEST 

SECTION T.C.13 OF OUR TELECOM- . 
MUNICATION CABLES CATALOGUE. 
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2141 (3 lines. IRELLIULIENERAL  souruaneron- 


CABLE WORKS, Ltd., SOUTHAMPTON 





How to protect 
telephone lines 


Surge currents, induced on telephone lines by electric storms or breakdowns 
on neighbouring power lines, may be effectively controlled by Ediswan 
telephone line protectors. These special electrode gas discharge tubes 
have been developed in collaboration with G.P.O. Engineers to provide 
economical and effective protection for telephone systems without 


Full details of these protectors and their application is given in the new 
Ediswan publication C.1581 which is now available free of charge. 


EDISWAN 


THE EDISON SWAN ELECTRIC COMPANY, LTD. 
155 CHARING CROSS ROAD, LONDON, W.C.2. 


Member of the A.E1. Group of Companies. 











Printed by SANDERS PHILLIPS & CO., LTD., The Baynard Press, Chryssell Road, London, S.W.9. and 
Published by BIRCH & WHITTINGTON (Prop. Dorling & Co. (Epsom), Lid), Epsom, Surrey. 
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CITY AND GUILDS OF LONDON INSTITUTE EXAMINATIONS, 1952 
QUESTIONS AND ANSWERS 


To conserve paper the answers to a few questions from each examination are omitted, 
the selection being made to cover as wide a field as possible. 
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